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PREFACE TO THE THIRD EDITION. 



The second edition of this book ^vas exhausted about a 
year ago. The greater part of the book has been re-written. 
Statistical tables have been revised and new matter, includ- 
ing many plates and diagrams, has been added. Old matter 
that is now of doubtful value has been eliminated. 



PREFACE TO THE SECOND EDITION. 



The first edition of this book was exhausted some time 
since and numerous calls have been made for another 
edition. The book has been entirely re-written and much 
new matter has been added. An effort has been made to 
facilitate computatiops by Kutter's formula and tables of the 
value of » have been added to assist in a proper determina- 
tion of its value for sewers. 

The question of Sewage Disposal has also received 
attention. 



PREFACE TO THE FIRST EDITION. 



The subject of the sewerage of towns is attracting: 
much more attention now than formerly. The reason for 
this is evident. While the country was new and the towns 
small ajid sparsely built, the disposal of the liquid wastes 
and other refuse was left to be provided for by each house- 
holder as he might deem best. 

Various plans were employed, most of which were 

objectionable, and, in many cases, no plan at all. But as the 

towns increase in size and are more compactly built the 

question of a proper system of Sewerage forces itself upon 

I the attention of the people. Some general system must be 

I adopted for the whole town and the question is, what 

I system? 

The moderate cost of the "Separate System" makes it 
possible to carry out a system of sewerage in many cases 
, where the expense of the "Combined System" would make 
, the construction of sewers impossible. 

One hindrance to the rapid introduction of the Separate 
I System has been the lack of available information concerning 
Much has been written on the subject, but the neces- 
I Bary information is scattered in numerous pamphlets. 
I reports and papers presented to scientific societies in the 
I United States and in England. 

The object of this book is to explain what the Separate 
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System is, what it is designed to do, and to give practical 
directions for designing and constructing sewers in accord- 
ance with that system. 

No single design, however complete in all its details, will 
be best adapted to every case. Each town will present some 
features peculiar to itself and the general plan must be 
modified to suit the conditions of each case. All that is here 
attempted is to give sufficient theory, data and results of 
experience to guide in properly designing and constructing- 
sewers on the Separate System. 
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CHAPTER 1. 

INTRODUCTION. 
"Sanitary Engineering" has been defined as that branch 
of engineering- which has for its object the improvement of 
the health of towns and districts, by bring^ing; to them a sup- 
ply of those thing's which promote health, and carrying from 
them those things which are injurious to it. 

The three principal requirements for the promotion of 
lealth are wholesome food, pure water, and pure air. An 
ndant and cheap supply of food is best secured by per- 
fecting the means of transportation by land and water, 
'ure water may be supplied by suitable water works. The 
kept pure by removing from the districts those things 
■which pollute it: that is, by removing all garbage, and by 
carrying out a proper system of drainage and sewerage. 

Although all of these works contribute to the health of a 
district, yet the subdivision of labor in these times has 
increased the number of specialties in the engineering pro- 
Icssion and has limited the field of the Sanitary Engineer. 
By common consent the engineer who plans and executes 
>rks for improving the means for transportation is called a 
Ivil Engineer; the engineer of a system of water works is 
called a Hydraulic Engineer; leaving the Sanitary Engineer 
the task of removing from any locality whatever may be det- 
rimental to health; thus assigning to him the roll of scien- 
ific scavenger. 




1* THE skfarate: system of sewerage. 

Man faizn&elf is the principal cause of the defilement of 
his surrounding's. His presence brings pollntion to earth, 
air and water. Nature provides a remedy which is efficient 
only Vf a limited extent. Refuse from the animal king-dom is 
\'mA for the veg^etable kingdom. But when human beings 
^ontrrc'trate in masses nature can no long'er meet the 
/l<:rfjan'ls. 

In country districts, where the population is sparse, the 
*\y\]f*t'iu of »:Xi:rementitious and refuse matter is easiU' man- 
itv*'*\ i/v «;i^h householder in his own wav. And even if that 
v/;iv ^ff II n;i'ivi sable the «.»nly sufferers are himself and those 
of hi -. own household, and no one else will care to interfere. 
'I \i*- ni« ihofK usually there adopted, however, become very 
ohj«' lionaM*: wherever the people congregate in larg^e num- 
h<r ^. 'Ih*- < onditions of living become changed. The sani- 
t;irv 'oridition of thtr immediate surroundings of each indi- 
vidii;il < on< «rns not rmly himself, but the whole community 
in whii li \m' lives; and what was before a personal matter 
now \ti'i oHies a questirin of public policy. 

In :ill (hnscly i>oi)ulaled areas, as in large villages and 
< i1i«'%, tin- disposal i)\ the solid and liquid refuse becomes a 
Mfioir. proMrni. Thr Mosaic regulations (Deut. xxiii, 12- 
l-'iMiiii not be enlorced, and to store the lilth of a city within 
1ln' ( ilv i -» simply to invili* disease and death. 

Thr nsr ol tin- pits, du^ in the earth, as receptacles for 
I'llusc, is ill rvri'v wav objectionable. The soil becomes pol- 
liilrd with srvva^-e, ainl the air is filled with the noxious gases 
aiisiii^^' Iroin tin* srwa^'e soaked earth, and from the putrefy- 
ing; masses in vaults an<l cess-pools. The decomposition of 
'^^» mih li nliisc in siuh ilose jn'oxiinity to the dwelling's is 
(bt nmrnt.il t«» lualtb in two ways. It uses up the oxygen 
linm till' air, and loads it with pestilential j^ases. If cess- 
pnnls all' used at all, they should be water tij^ht. This 
nil issitatis tlu- i-onslaiitly recurring" trouble of carrying 
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a^vay tbe contents when they fill up, and only partly removes 
tbe difficulty. 

Need of Sewerage— An examination into the sanitary 
condition of a majority of our older cities and villag^es will 
show the great need of some kind of sewerage. Many of 
them have never taken any measures to rid themselves of the 
necessary accumulations of filth, incident to a considerable 
population. For g-eneration after generation the refuse 
which should have been removed far from the dwellings, has 
been flung uiwn the surface of the ground or into cess-pools, 
where the putrefying mass poisons tlie air, and appeals in 
more ways than one for a remedy, "The offense is rank." 
On one of the principal streets in one of our oldest cities it 
became necessary to remove several small houses to erect a 
large building. The interior of the block was thus exposed 
^ to view, and it simply made apparent the state of affairs in 
nearly every block in the city. Within the space of 150 feet 
long by 50 feet wide, there were four wells and seven vaults 
Hid ces»-pools. It needs no chemical analysis to determine 
■iBie impurity of water obtained under such circumstances, 
taor a very vivid imagination to conceive the foulness of the 
]Ktmosphcre in that locality. 

The earth upon which many of our cities stand is liter- 
v saturated with sewage. The vile odors which are 
' exhaled from the polluted soil, and from the sinks of rotten- 
ness and putrefaction which it contains, contaminate the air 
in the streets, and are a constant reminder of the need of an 
•efficient remedy. There they stand, reeking in the accum- 
Itllated filth of past generations, never for a day free from 
jnalaria, and zymotic diseases; and yet the remedy is easily 
pplied and the cost of it within the reach of the poorest 
umlet. 

Pollution of Streams. — A small water course running 
lirougb a city without sewers is sure to become a nuisance. 
Bv«ry conceivable variety of filth and refuse will be thrown 
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into it, and it will soon be simply an open sewer. In dry 
weather, when the flow of water is at its minimum, the bed of 
the stream will become an elongated, open cess-pool of the 
worst variety. The channel is sometimes cleared by throw- 
ing the accumulations of filth upon the banks: that is, the 
filth is spread over a larger surface instead of being removed. 
Periodical cleanings of the bed and banks of the stream will 
only mitigate the nuisance temporarily. The cure must 
reach the cause of the evil if it is to be radical and entire. 
The sewage must be provided for in proper channels of its 
own, and only the storm water be allowed to run into the 
open water courses. 

The following extracts are taken from a report of the 
State Board of Health of New York. The name of the city 
referred to is omitted, but the name of any unsewered city 
or village might be filled into the blank spaces and the report 
would give the actual sanitary condition in a majority of 
cases: 

" Dr. Carroll's full report on the prevalence of filth and malarial diseases 

in , and the causes thereof, is well worthy a careful reading by every 

citizen of . 

"The record is both sad and alarming. Sad, because it shows that at least 
one-fifth of the deaths in your city during the past year were clearly preventable 
by ordinary municipal provision for cleanliness; alarming, because the already 
abnormal death rate from filth poisoning must, from the very nature of the 
cause, steadily increase. afifords another of the many lamentable illus- 
trations of the apparently ineradicable pojiular delusions that natural water 
courses are the proper receptacles for sewage and house refuse of all kinds. 
* * It appears from the report that the number of fatal cases from diphthe- 
ria, typhoid fever, diarrhoea and scarlet fever is, at least, three times as great 
as it should be under normal sanitary conditions. These diseases are known to 
be intensified, if not directly caused, by filth poisoning. The prevalence of 
malarial diseases is also reported. * * * There seems to be no doubt that 

there is a large amount of malarial trouble in . This disease is usually 

associated with surface or sub-soil saturation, occurring either immediately 
around dwellings or within such a distance that miasmatic emanations may be 
carried by the winds over an inhabited locality. There appear therefore, to be 
at least two prominent classes of more or less preventable diseases occurring in 




>nditi(nia of fitlh aad the other upon 
e of these Iwo classes leads to the 

in the city of ia such a wsy. 

and in such places, as to affecl the public health, and Ibal there are saturated 
tracts which produce malarial diseases. 

"The first and most importam measure lo stop the present death rale from 

(illh diseases in is lo provide proper means of carrying away the organic 

filth of the city. The use of open brook channels as sewers should be abso- 
lutely prohibited. They should be reserved for the drainage of surface water 
only. Such a prohibition can hardly be made effectual until some means are 
provided for carrying the sewage away frotn the cily For this parpose a 
•ystcm of sewers is strongly advised, and little relief can he eipecled from the 
[ present unwholesome condition of the city until sewers have been bnill. * *" 
Pollution of the Subsoil and of IVells. — The ordinary 
(cess-pools are especially objectionable where wells are used 
1 source of water supply. A well is simply a hole duj^ in 
I the ground, into which the water, which has sunk into the 
learth, may drain. Thoqualityof the water will depend upon 
I ttc condition of the soil through which it passes. In cities 
I without sewerage, cess-pools by hundreds are formed in the 
■ earth, into which all manner of filth is thrown. Into this 
I same soil wells are dug, and the drippings from the cess- 
I pools are caught and drank, and the seeds of disease are 
I sown broadcast in the community. One often hears it said 
I that water which passes through the earth is filtered and 
purified. But it must not be forgotten that while the earth 
(acts as a sieve, and removes the suspended impurities the 
loxydation and nitrifaction of organic matter depends upon 
Vc i re um stances which are not likely to be favorable very far 
■tieneath the surface of the ground. Whatever is in solution 
nains, to a large e.xtent. In the water. 
The Swiss village of Lausen, near R-isle, is supplied with 
later from a spring, situated at the foot of a mountainous 
Bridge, called the Stockhalden. In this village, where there 
Kliad not been a single case of fever in manv years, an epidemic 
^of typhoid fever broke out, which struck down seventeen per 
fcent. of the whole population. The cases of fever were 



22 THE SEPARATE SYSTEM OF SEWF:RAGE. 

pretty evenly distributed among- the families in the villag^e, 
with the exception of six. As the six families which escaped 
did not use water from the spring, suspicions were aroused 
concerning the water and investigations were made. It had 
previously been noticed that when the meadows in the Fur- 
lerthal — a little valley on the other side of the Stockhalden 
ridge — were irrigated, the volume of water in the spring* was 
increased; and by the sinking of the soil in one of the 
meadows in the Furlerthal, a vein of water was discovered, 
which, it was supposed, led to the spring in Lausen. It was 
found, upon investigation, that a peasant living in the Fur- 
lerthal had returned home from a distant city, sick with 
fever, and that the bro<^k in which his clothes had been 
washed and into which the slops from the house had been 
thrown, had been used to irrigate the meadows. This water 
thus spread out over the fields and then filtered throug-h the 
ridge, a distance of a mile, still carried the germs of disease 
in it, and brought death to the unsuspecting inhabitants of 
Lausen. 

To prove, conclusively, that the spring was supplied from 
the Furlerthal, and to determine whether the water passed 
through an open vein or was filtered through porous material, 
the following experiments were made: Several hundred 
weight of salt was dissolved and poured into the hole in the 
Furlerthal, where the vein was discovered. In a few hours 
the water of the spring became very salt, and the connection 
between the water in the Furlerthal and the spring at Lausen 
was established bevond a doubt. 

They now mixed two and a half tons of flour in water 
and poured it into the hole, but no trace of the flour could be 
found in the spring, proving that the water was so thoroughly 
filtered as to remove the minutest jxarticles of the flour, and 
yet it still retained its infective pro])erties. 

Clearness is no proof of purity in water. The water of 
the Saratoga Springs, although thoroughly impregnated with 
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irious minerals, are as clear as ordinary spring water, and 

1 glass of water as clear as crystal there may be poison 

High to kill a whole family; not only by the comparatively 

<K and uncertain process of fever, but surely and immedi- 

lately. Deleterious gases may indeed add a sparkle to well 

|water, and the peculiar flavor so highly prized in some wells 

ftiinay be borrowed from a neighboring cess-pool. 

clor C. Vaughn, Professor of Physiological and 
^Pathological chemistry in Michigan University, states in a 
Kreport to the State Board nf Health, that a series of experi- 
nents which he has conducted confirms the germ theory in 
I cases of typhoid fever. The fever was produced in a cat by 
" inoculation and the cat showed all the sy mptomsof the disease. 
In connection with this Dr. Vaughn states: 

" LasI AugusI there was an epidemic of typhoid (ever !□ ibe village of Iron 
Monat&iD, a. place id Nortbem Miclifgan of about 4,000 iohabitants. Pari of 
tbe town was supplied with water from a mouatain spring, and part from pri- 
vate wells from lii to Iwenlj' feel deep, ll was noticed tbat all those who used 
tbe spring water escaped the disease, while those who depended upon the shal- 
low wells were stricken down. In all ihete were many hundred cases and 
about forty deaths. I secured some of tbe water from tbese shallow wells and 
with >I eiperimented upon a number of cats, finally ubtatniog the result uhich 
I announced to tbe Board of Health." 

If, as Professor Vaughn states, these city wells contain 
fever germs enough to kill a cat, with its traditional nine 
^Ives, what chance is there for an ordinary human being with 
oly one? 

The following are the results of a very general examina- 

ion of the water in welis in one of the most beautiful and 

Kwell kept smaller cities in the state of New York. The 

latural drainage facilities of the city are excellent. There 

K»re no sewers worthy the name, however. 

The results are particularly interesting, not only as 
showing the marked subsurface pollution within a compara- 
tively few years, but also as showing the increased mortality 
■irectly resulting therefrom. 
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"I have made some chemical tests of water from nearly one hundred 
wells to determine, if possible, the extent of the pollution of the drinking water 
commonly used, and have made out a table which is given below, of the results 
of these tests. The amount of chlorine which a sample of water may contain 
and not be regarded as unsatisfactory is usually assumed as 3.5 grains per Impe- 
rial gallon. I have drawn a line at this point across the list of wells below, 
and another at 7.0 grains per gallon, which last may, at least, be called the 
danger line if not the death line. 

In the table with the analysis of the well water I have placed those of 
some other waters for comparison. No. 77 was urine diluted with 49 parts of 
pure water, Nos. 85 and 88 are from wells so situated as to drain large barn- 
yards. No. 93 is from the outlet of the sewer which last summer was tamed 
across Main St. and carried down Mill St.. joining the Bacon Street sewer. I 
have also marked those wells used by families where there have been cases of 
fever and (generally fatal) cases of diphtheria with an " F" and a " D ** respect- 
ively. 
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33 East Main 4.1a 

39....Easl Main 4.15 

40. ...West Main 4 'S 

41. ...Chatch 4 3S 

4a.... Myrtle 45° 

4j....Mr"Ie 450 

44 ?■■■- 460 

45 La'"' -■■ 4^ 

46... .Main 4 65 

47 Soulh 4.85 

48 D..-- 4-75 

49. ...Pond in Village.' 5.00 

50. ...CUorcb S 00 

51 Main 5-3° 

_ 3a..,.Soalh 515 

^HSl Lake 565 

^Js4----I^e S7S 

^r5S....Wesl Main 5 75 

56. ...North 600 

57 ...Clay 6.15 

58 Church 6 as 

SO Craigie 6.40 

«o Clay 6,50 

61 Wolcott r 6.50 

6t Sewer, Ea,tt Maic 6 55 

61 . ■■■■" ^ ^^ 

64 Mill 730 

65 F 7 35 

M D... 7.5° 

t ■67.. ..St. Marks 7 60 



..Bacon ... 4.80 

..East Main 8.85 



76 South g 61 



..Lake 

..Lake 

. . East Main . . 



..St. Mark .. 



84 Myrlle.... 

85. ...Bam Yard Well.. 

86. ,,. Dish Water 

87.. ..Myrtle 

88....Bftrn Yard Well.. 



93 Sewet, Mill Si 17.30 

94 West M»io 17.70 

95 Bacon f... 1905 



..East Main. 2550 

Average 7S wells 6. 56 
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The following" table shows the results of the analysis of 
the water supplied to Schenectady, Troy and Albany. The 
Nitrites were reduced to nitrates and both appear under that 
heading^. Ammonium salts are represented by organic 
nitrogen. The analysis was carried on under the super- 
vision of Prof. Perkins. The numbers represent parts per 
11K),<XX) by weight. 



I 





From Mohawk, 

From Hudson . 
From Tiv, Lake. 


aoiiopo 


^S,5g,S,8 5-SS8& 


sBieaiN 


f III 1 1 1 t 1 t 1 

■ 5 S " ' 
Z 2 


naSojiifi 

ameSjo 


1 1 llllll II 1 


■looutuiv asJj 


J 


1 


j 


. 


i 

Z 


1 


u\ 


^11 


IWl 




S S 3, : 


= ; 


■EWOpJBH 


i 2 
















~°S..x 
















■J0[O3 


uooGooGOuGu 


31 BQ 


i i i 1 1 1 1 i i t 1 


• 

aidiuBS 




s 

1 


s 

s 

1 

< 


s 

1 


I 


3 
1 


i i 5 

- ■» E 

3 fl 1 


-; 


1 

i 

s. 


ON 





28 THE SEPARATE SYSTEM OF SEWERAGE. 

Let US now look at these results and see what they indi- 
cate. The total hardness of the water supplied to the three 
cities is about the same, the difference being* no more than 
would exist in the same water on different days. In perma- 
nent hardness the Troy water is much better than that of 
Schenectady. The nitrates indicate the sewage contamina- 
tion perfectly, increasing* as we g*o down stream from Sche- 
nectady to Albany. Above Schenectady there is very little 
sewage flowing into the Mohawk, till we reach Utica, eighty 
miles above, that being the only place on the river with a 
system of sewers. The river itself passes over many rifts 
and shallows between the places, affording every opportu- 
nity for oxydation of the organic matter. At Troy the river 
has received the sewage of Cohoes, Waterford, Lansing- 
burgh, etc., and at Albany that of Troy and West Troy in 
addition, and nitrates accordingly increase. The Hudson 
river water at Albany has been condemned by the Albany 
Water Commissioner as unfit for use, and a new source of 
supply has been recommended. 

Samples 5 and 6 were from the same well — No. 5 taken 
just before it was cleaned. No. 6 about six weeks after. 
There is a vault a short distance from the well, with which 
it is evidently in direct communication, the chlorine being 
more in the second analysis than in the first. No. 7 was fur- 
nished by a physician of Schenectady who was called to pre- 
scribe for a man sick with typhoid fever. He suspected that 
the cause lay in the water, though the man affirmed that it 
was the best water in the city. The analysis shows, besides 
ammonia, organic nitrogen, and nitrates in large quantities, 
an amount of chlorine nearU^ three times as great as that in 
common sewage. 

In No. 8 the nitrates and chlorine were very high, espe- 
cially the former. The well is only eighteen feet from a 
vault. 
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No. 10 was sent by a physician uf Albany. He writes as 
follows concerning it: 

"1 seod you a specimen of well water, wbJch I think bu caused Ibiee cases 
of severe illness, two of which were fatal. I was called some tnoolhs after tbese 
cases to see a palicDt who had a high fever, (temp ios'^5, pulse 140.) with 
diarrhica and nausea, in whom 1 could find no disease of any organ to account 
for the fever I slopped the use of the well water and she commeoced to 
impruve, and is now (two weeks] about well. Since I saw bei she has been 
drinking tillered rain water The well in ibis caae is wilbin leo feet of a privy 
vault, and the two have adjoined one another for twenty years." 

EfTect of Sewerage. ^The beneficial effects of sewerage 
;ii"e plainly seen in the statistics of towns where an efficient 
system has been carried out. By sewering- certain towns in 
P^ngland, the death rate from pnlmonarv diseases alone was 
reduced HO per cent. A marked decrease in the amount of 
sickness and a prolongation of life has always followed 
proper sanitary works. 

Below is a table showing the results of sewerage in sis 
towns in Great Britain: 
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"AtDantzic, the deaths from enteric fever per 100,000 
living* were as follows: 

From 1865 to 1869, before any sanitary measures were 
taken, 108. 

From 1871 to 1875, after the introduction of water supply, 
90. 

From 1876 to 1880, after the introduction of seweragfe, 18." 

The death rate in London in the last half of the 17th cen- 
tury was eig'hty m every thousand. Now it is about twenty- 
four in every thousand, although much more densely popu- 
lated. 

Irwin F. Smith, in a very comprehensive paper on the 
* 'Influence of sewerage and water supply on the death rate 
in cities" writes as follows: 

"Data drawn from sewered cities is now available for study and compari- 
son. To be of service such data must have been carefully gathered and must 
cover a considerable period, the population must be known to have been cor- 
rectly enumerated, and various other factors which enter into every considera- 
tion of the death rate of a place, such as race, age, condition in life, crowding, 
occupation, etc.. must be given due weight. Taking all these factors into con- 
sideration, and casting up accounts, there remains a striking balance sheet in 
favor of the sewered cities. 

In the consideration of this subject the general propositions which I wish 
to lay down, and which appear to me to be clearly deducible from the data at 
my disposal are as follows: 

"Typhoid fever and cholera decrease in proportion as a city is well sew- 
ered. This may be laid down as a fundamental proposition to which there are 
no exceptions. 

"The general death rate falls after the sewering of a city, and, other things 
being etiual, never again reaches the maximum of its ante-sewered condition. 

"The cost of building and maintaining sanitary works is inconsiderable in 
comparison with the direct pecuniary loss by sickness and death, which their 
absence entails. 

"Drains imperfectly jointed and lacking the proper facilities for flushing 
or the necessary fall for the introduction of excreta and for proper clearing, are 
in no proper sense of the \vi)rd sc'7^',-rs, and are not considered as such in this 
paper. If excreta be intro<Uiced into such drains it almost always proves a 
public nuisance, and the writer is far from denying that under some circum- 
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Stances sach drains, "sewers," so-called, may not become active promoters of 
infectious diseases. When I speak of the benefits arising from sewerage. I 
mean invariably, modem sewers, well built, well ventilated — the soil-pipes, 
traps, water-closets, etc. , being constructed on approved plans and in the most 
workmanlike manner. 

My reason for selecting typhoid fever is that, although the nature of the 
typhoid poison is yet in dispute, we now understand very clearly the manner in 
which the disease is spread. Another reason is the gravity of the mortuary tax 
levied by typhoid fever. This will be at once apparent if we consider briefly 
the statistics of this disease." 

The following graphical presentations of some of the sta- 
tistics collected by Mr. Smith are reproduced from his paper. 



BEFORE, DURING AND SINCE THE 
INTRODUCTION OF SEWERAGE AND WATER SUPPLY. 
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Schenectady, N. Y., was sewered in 1884. The Health 
Officer, H. C. Van Zant, in his report for 1887 writes as fol- 
lows: 

"I remark this fact: in 1883, twenty -six deaths occarred from typhoid 
fever; 1885, eighteen deaths occurred from the same cause; 1887, five deaths 
are recorded as produced by typhoid fever. More deaths in 1883 than cases in 
1887. The inference is easy." 

The desirability of the removal of filth from cities is no 
long'er a matter of doubt. The beneficial effects of a proper 
system of sewerage is proven by abundant statistics. The 
results are shown in a decrease of disease, a lowering- of the 
death rate, and in turning plague smitten cities into health- 
ful ones. The question no longer is, shall it be done? but, 
how shall it be done? 

Systems in Use. — The different systems for the removal 
of excrement and liquid refuse may be divided into three 
classes, viz.: by '^Direct Removal," by the '^Pneumatic Sys- 
tem," and by *' Water Carriage." Under the head of "Direct 
Removal," the principal methods are the *'Pail System" and 
the **Dry Earth Closet." 

In the Pail System the excreta is caught in a pail or tub 
and removed in carts at intervals, varying from one day to a 
week. This system is used in many large cities in Europe, 
and is advocated by eminent authorities. But the exchange 
and cleansing of the pails need to be enforced by such strict 
police regulations as would be difficult to carry out in the 
United States. There are several modifications of the Pail 
System. In one, the fluids are allowed to filter through a 
sieve and run off into the sewers provided for the storm 
water, so that onlv the solid matter is carried awav in the 
carts. In another, the tub is lined with some material, which 
acts as an absorbent and deodorizer, as in the (tOUx svstem. 

When the Dry Earth Closet is used, dry, powdered 
earth, or ashes, is added to the excreta in sufficient quanti- 
ties to absorb the moisture and deodorize the whole mass. 
So much care and attention is necessary to provide a proper 
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■apply of dry earth, to apply it properly, and to attend to its 
fcmoval, that it can only be used in exceptional cases, and 
nnot be relied upon for general use. 

To obviate the difficulty of the fre<iuent exchanges and 
constant supervision necessary to the successful operation 
of the Pail System, water-ti^ht cess-pools are sometimes 
used. They are made large enough to hold the sewage for a 
siderable time and when filled, the sewjige is carried 
The nuisance of emptying them is somewhat abated 
|>y the use of a large air-tight iron tank, mounted on wheels. 
The air is exhauste<l from the tank, and by making a pipe 
connection between the interior of the tank and the sewage 
in the cess-pool, the contents of the cess-pool are forced by 
atmospheric pressure into the tank', or, the sewage may be 
pumped from the cess-pool into the tank: 

The three principal "Pneumatic Systems" are: the 

ILiernur," "Berlier." and "Shone." 
The Liernur and Berlier systems consist essentially of a 
etwork of air-tight iron pipes, through which the excreraen- 
tious matter is drawn, by exhausting the air from the pipes 
f means of large air pumps. 
These systems are intended to dispose of only that part 
of the household wastes which is most valuable for manure. 
SejMirate conduits must be provided for the foul liquid 
wastes from dwellings, factories, etc. The necessary plant 
ifid appurtenances are very expeiisive, and even then these 
Systems only partly answer the purpose of sewers. 

The prominent feature of the Shone system is the use 
If compressed air for the purpose of raising sewage from a 
V level to a higher one. It is especially valuable in towns 
^ere sufficient fall for sewers cannot be obtained. In this 
, the sewage Is conducted through pipes in the ordinary 
«y until it becomes necessary to carry it to a higher level. 
[ then flows into a large iron tank, called a "Pneumatic 
lector." (See cut.) When the Ejector is full, compressed 
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air is automatically upplied to force the sewag:e into pipeas 
a higher level, when it is again allowed to flow onward 
towards the outfall under the influence of gTBX'ity. or 
directly through a discharge pipe to the point of outfall. 
Shone Ejectors may also be utilized to deliver the sewage 
from an outlet below low water level. Tht air is com- 
pressed by steam or water power, at a central station and ia 
led by pipes to the Ejectors, so that they can be placed iu 
any convenient situation, and as freijuently as the case may 
require. 
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ny instances the air compressing machinery is 
located at a water pumping station, and thus the wages of 
special attendants necessary to operate an ordinary sewage 
pumping station obviated. 

The Shone Ejector takes the place of a pump for raising 

sewage, and can be used with great advantage in situations 

^where it would be difBoult to bring the sewage to one pump- 

( station. 

The Shone system is extensively used in England. In 

1 country it is in operation in Chicago, Winona, Minn.. 

j^orcoater, Mass., Lynn, Mass., Fair Haven, Mass., Ithaca, 

. Y., White Plains, N. Y.. Charleston, S. C. Portsmouth. 

, Far Rockaway, L. I., etc. 

All of the systems of direct removal require constant 
Safe and attention, and only partially accomplish the end in 
They are better than no system, but are not as effi- 
cient or as easily managed as the method of "water car- 
riage" or sewerage. Water is the great scavenger. It 
cleanses our houses, our clothes, our fond, and ourselves; 
and having once been soiled it must be gotten rid of. In 
doing this, the water may be made the vehicle for carrying 
away excrementitious matter, which would, by putrefaction, 
vitiate the air and tend to produce disease. 

In the Pneumatic Systems costly machinery is neces- 
ary to provide for carrying away only a portion of the 
^use which should be disposed of, and the expense of ope- 
ting is large and constant. 

The Water Carriage System is most favored by the 

ding English, German, French and American sanitarians. 

"A* ordinarily managed, ihe earih closet and all olhet conservancy methods 

'le loleraled when seaeraRB pruper caonol be 

well managed conservancy syilem is not belter iban a 

er than nosystem al all, nor do I say that there 

ilTicuhy of carryinjc out a Water <'arrlage Sytlem is 

. if not quite, insurmountable: but I do say that in 

lage system is possible, there is no room for choice in 
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In the '^/V^ater Carriage System, all that is needed is a 
comparatively inexpensive conduit which provides for all of 
the sewage; and if properly constructed the cost of mainte- 
nance is trifling. 

There are many cities which have provided themselves 
with an abundant supply of water, and yet have made no 
provisions for a system of sewers. Increasing the water 
supply without providing for its outflow after it has been 
fouled, only makes a bad matter worse. The number and 
size of the cess-pools must be increased. Instead of drain- 
ing the soil, as common sense would dictate, additional water 
is poured into it by the millions of gallons, and year by year 
the soil is more thoroughly soaked with sewage. The 
streams of filthy water which may be seen running in the 
open drains, leading from back yards into the streets, tell a 
story which all can read, and the effects of this state of 
affairs can be plainly seen if the Health Oflicer makes full 
reports. 

One of the twelve tasks imposed upon Hercules was to 
cleanse the stables of Augeas. In these stables 'vast herds 
of cattle had been kept for many years, and they had never 
been cleaned. He accomplished the task by turning a 
stream of water through them. This famous exploit — 
'^cleansing the Augean stables" — is repeated over and over 
again wherever abundant water supply is supplemented by 
thorough sewerage. Had Hercules only planned to bring 
the water into the stables and made no provision for its out- 
flow, the project would have been a miserable failure, and 
the sensible people of that day would have called Hercules a 
fool; and yet there arc cities even in this enlightened age, 
where such a plan has been pursued. 

"The yearly discharge from the sewers of Brooklyn equals in volume what 
would fill the entire streets and avenues of the city to a depth of twelve feet 
above the pavement or three feet over every parlor floor in the city. Such is 
the amount of work silently going on beneath our feet, of which we take do 
note save when it is interrupted " — AUams. 



CHAPTER 11. 

WATER CARRIAGE SYSTEMS. 

A theoretically perfect sewer would be one in which all 
of the sewage would be carried rapidly to Its outfall outside 
of the city, so that no time would be given for decomposition. 
The conduit itself should be smooth, impervious to water, 
and should be water tight throughout its entire length. It 
should be Hushed at intervals, and so thoroughly that the 
^ft development of any considerable amount of sewer gas would 
^Htie impossible. 

^H It should be so well ventilated that the small amount of 
^Hbewer gas which might unavoidably be generated in the 
^^bewer would be so diluted with fresh air as to be rendered 
^fllarmless. 

It should be provided with ample means for inspection 
and repair. 

It should be automatic in its action, so as to require the 
least possible amount of care and attention. 

One of the tirst questions which presents itself to the 
engineer in planning a system of sewers is, whether the 
sewers shall be made large enough to carry the storm water 
as well as the sewage, or the sewage only. When a system 
of sewers is designed to carry both the storm water and the 
lewage, it is called the "Combined System." When the sys- 
^m is designed to carry only the sewage proper, that is, the 
pquid refuse from dwellings, factories, etc., it is called the 
"Separate System." 

The Combined System. — The large sewers of the Com- 

_bined System are usually built of brick. The brick being 

lorous, allows more or less of the sewage to escape into the 
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soil, even if every joint is water-tig"ht, which is never the 
case. The roug^h surface of the bricks soon become covered 
with a slime of org-anic matter, which is constantly decom- 
posing-. In desig"ning- sewers on this system the size will be 
determined mainly by the amount of rainfall per hour during 
storms, and the surface to be drained. The volume of rain- 
fall to be provided for is so much more than the sewag-e, that 
the amount of sewage scarcely enters into the computation.* 

It is readily seen that ordinarily the sewage will be but a 
trickling stream in a sewer large enough to carry the storm 
water. At the street corners are catch-basins into which 
the storm water passes on its way to the sewer. Here the 
sand and rubbish, carried along by the current from the 
street, is supposed to settle and remain in the basin, while 
the water passes through a trap into the sewer. In the rush 
of water during a storm, however, a considerable quantity of 
the material which is supposed to remain in the catch-basin 
is carried on into the sewer, and this, with other foreign 
substances, introduced into the sewer either by accident or 
malice, settles on the bottom. These obstructions form a 
series of small dams in the sewer, and in dry weather the 
sewage stands in a succession of pools along the sewers, 
decomposing and sending volumes of sewer gas out of every 
crevice through which it can escape. 

The great size of the conduits of the Combined System, 
it is seen, is detrimental to their efficiency in removing sew- 
age rapidly and completely; and yet, for the purposes for 
which they are supposed to be designed, they are seldom 
large enough. Even where vast sums have been spent to 
construct the Combined System of sewers, it is seldom, if 
ever, that they will carry the water of great storms. In 
inanv cities notably Chicago and London — where money 
has been poured out without stint, and millions of dollars 
have been expended for sewers of great size, the extraordi- 

•^Srr cli.ipUM specially devoted to this subject. 
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nary storms are not provided for, and the consequence is 
that the sewers overflow, and cellars and basements are 
flixjded with sewag'e. Where the storm water is excluded 
from the sewers, or only a definite amount admitted for the 

Bnrpose of flushing, no such disaster can occur. 

P The difficulties of properly flushing and ventilating 

*irg-e sewers are almost insurmountable. Many devices 
have been proposed for ventilation. Some have advocated 
high chimneys witha fire in them to produce adraughl. Oth- 
ers, a shaft with a screw or fan, for producing a current. 
None of these plans have proved efficient, and there seems to 
be no way of disposing of the gas except to let it out into the 
street by openings from the sewer to the pavement. In any 
dry season, when there is the least amount of sewage and, 
therefore, the most sluggish flow and the greatest evolu- 
tion of gas, the water evaporates from the catch-basin trap 
and there is nothing to hinder the escape of gas into the 
streets. The catch-basin itself, unless kept clean, soon 

, becomes a cess-pool, charged with filth from the streets and 

KUtters, which soon decomposes. 

f The flushing cannot be very thoroughly accomplished, 

'■owing to the rough interior surface of brick sewers, and to 
the large amount of water necessary in the large sewers. 
The most that can usually be done is to produce current 
^nough to carry forward and out of the sewer the solid mat- 
ir and rubbish, which would obstruct the flow of the sew- 
Sometimes the sewage itself is stored up until a suffi- 
■ient volume is collected to flush the sewer, when it is 
released. 

These point;* are so well brought out in the annual 
report of O. W. Wight. A. M., M. D.. Health Officer. Detroit, 
Mich., to the Common Council, that we quote quite fully 
from his report: 

ig surface and 
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form water drains into sewers, so as to make them at all fit to convey liquid 
wastes. The combined expense of a separate drainage system and an inde- 
pendent sewer system, is much less than the expense of a single system that 
cannot be so constructed as to perform well the double service of remo\nog 
water from the soil and liquid from habitations. 

"In most places it is not difficult to find a proper out-fall for the water of 
a drainage system. As soon as sewage is mixed with the flow of drains the 
whole mass is contaminated, and the trouble and cost of securing a safe out-fall 
are. as a rule, greatly increased. The necessity of pumping vast quantities of 
rain water and subsoil water, mingled with the liquid refuse of houses and fac- 
tories in the same system in the new sewerage works of Berlin and Dantzic, 
increases the running expenses to an extent threatening failure. 

' 'The sewage proper of a city is nearly a constant quantity. It is approxi- 
mately measured by the amount of water daily used in houses and factories. 
Consequently, the engineer in constructing a system for the removal of sewage 
proper, can adapt it to a constant flow and make it self -cleansing. On the con- 
trary, rain-fall is an immensely variable quantity. A drainage system for its 
removal must be of maximum size. When sewage, therefore, is turned into 
the drainage system, a slow flow will be inevitable much of the time, resulting 
in putrefaction and the generation of sewage gas, the presence of which, within 
the area of inhabited places, dangerously violates the mcst vital law of sanitation. 

"In the drainage system all conduits are purposely made to let water in. 
The object is to convey water away from the soil But a porous drain will 
strain sewage through into the earth, and gradually pollute it. Consequently, 
a conduit fi>r the conveyance of sewage must be made tight. Hence the abso- 
lute inconipatil)ilii> of the two ends sought in the same structure. A good 
sewiT is a bad drain .\ good drain is a dangerous sewer. Attempts are con- 
stantly renewed to attain the double (lualily of perviousness from without and 
imper\ ii)Usn(?ss from within, wiili unceasing and inevitable failure. Sanita- 
rians who are (juarks in engiiu cring ha\e tried it in vain; engineers who are 
i|Uark> in sanil.ition 1kivi» tried it equallv in vain. (Juacks in both engineering 
and sanil.ilion. M^miMimes well lepre-^ented in C'ity Boards of Public Works, 
olistinatt'U keep up tlu'ir sean h for the unattainable, like the seekers for the 
philos(^pher's Nione ami the iuventt>r^ of perpetual motion 

"Water *.tt>i«*il in cistern^ is ahuost in\ariably poist)ned by the way of 
ovej flow pipe-' wlnrh disi hat ge iutv'» the sewer s^«^te^ll»f inhabited places and 
return the dangerous gas Vnd the ilrain pipes from cellars and basements 
geneialU fuiuisli .ivnuies iht«uii;h which this invisible ft»e of human life in 
cities tnuls cMsv lngIl•■^s to h.il>ii.ujon*. .\ separate dt.un^ge system affords an 
easy means i»f gii.n.lmg .jg.nn-.t pfril fiom such a souice Sanitary inspectors 
are often asttMindcd In (invliui; a tul»e trout an ive box. in which choice and del- 
icate food, like uuMt-. and nulk. is kept, running directly into a sewer pipe. 
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Tbe cotDbioed saaitary and eogineering quack will tell you, witb piiidil igno- 
rance, ibal tbe deadly sewer gaa h kept ojt by means of a lillle wnler trap 
through which a baby could blow with a straw. A separate system, used 
exclusively lor sewage, is tbe only certain safety against sacb danger. 

"With the clumsy, cosily, periloas Combioed System in general use for 
removing water Hnd sewage together, the earth of towns gradually becomes 
infected with organic mailer in a aiate of putrescence. Hence llie water of 
springs and wells ai length becomes polluted aod unfit for use Wiih a sepa- 
rate, properly coDslrucled and properly managed system ol impervious pipe* 
for the removal of all sewage, and with other sound sanitary regulations for the 
care and removal of solid organic refuse, there is no reason why tbe spring 
water and well water in towns should not remain clean and wholesome. 
Besides, when tbe earth of inhabited places is kept so clean as to preserve the 
purity of the water, no exbalations will arise from it deleterious to health and 
dangerous to life 

"This is not the place lo describe in detail the separate sewer systems for 
the removal of liquid nrganic wastes from inhabited places. Tbe engineer 
must conform to the requirements of sanitary science. Any system will be 
faulty which allows sewage to putrefy al all, either in its source, on its journey 
from human abodes, or in its outfall • • • • -ftje great principle to be 
kepi in view is the removal of sewage loot sewage diluted with vast quanlilica 
of surface and subsoil water) without pollution of the soil, without putrefac- 
tion, and consequenily without generation of sewer gas on the journey. ■ • • 
The soil where man dwells is sacred, and il is sanitary sacrilege to pollute it. 
He who fouls the air that be breathes himself, or the water that he drinks, or 
the food that he eats, is a barbarian who might learn wisdom from the t^i or 
decency from any swioe not demoraliied by contact with man He who fouls 
tbe air that another must breathe, or the food that another must eat. or the 
water thai another must drinU is a criminal, to be classed wilh those who maim 
and kill 

"There are more reasons for such care in the removal of organic wastes 
from inhabited places than appear on the surface The chemistry and hygiene 
of putrefaction are complen, involving many practical considerations Wher- 
ever there is a collection of putrefying organic matter, whether on the ground, 
in the ground, within a faulty sewer, or under a habitation, there is a tireless 
foe lo health and life. Nol only are putrescent collections u( garbage, decay- 
ing vegetables, manure, ofial and human excreta harmful id Ihemsetves. by 
reason of exhalations poisoning the air and leeching liquids polluting the earth; 
Ihey are also depositories and multipliers of disease germs. Such collections 
may not produce infectious diseases d'f nur", bul they lessen Ihe vitality of peo- 
ple living in the neighborhood, and thereby lessen Ihe power of resisting epi- 
demics. Il it a well known pathological fact that nature struggles lo eliminate 
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disease by excretory processes. Accumulations of 61th containing excreta raay, 
therefore, harbor seeds of various communicable maladies. Sewer gas. while 
it may not beget scarlatina, diphtheria, smallpox and other contagious diseases, 
easily becomes the vehicle of conveying them, through obscure and intricate 
channels. * * * A foul sewer, swarming with scarlatina germs, may be 
more dangerous to a neighborhood than an infected school-house. * • * 

"It has been objected in relation to separate systems for drainage and the 
removal of sewage, that droppings of horses and other animals in the street, 
steeping in the rain-fall, will be a source of pollution to surface water, render- 
ingQit putrescible, and consequently, capable of generating sewer gas. The 
simple and effective remedy is cleaning the streets frequently and well. Most 
cities would thereby be greatly improved, both in appearance and salubrity. 

"It has also been objected, that, in quarters where the vitrified sewer pipe 
system for the removal of sewage does not extend, there the inhabitants must 
throw the liquid wastes of household life upon the ground. No such necessity 
exists. Even an isolated habitation in the country should have its sewer pipes, 
and entirely separate from the drainage system, to convey kitchen slops, wash- 
water and other dangerous liquids to a place of safety. The reason why 
typhoid fever, diphtheria, and some other filth diseases are so prevalent in 
country districts, is that privy vaults so frequently seep into wells, and animal 
excreta of pig pens and stables are left to poison the earth and the air. The 
ground about kitchens, super-saturated with slops, very often becomes putres- 
cent in the summer warmth, breeding disease which superstitious ignorance 
attributes to Heaven. A householder may dispen.se with his parlor and its 
adornments, if necessary, but he cannot afford to invite upon himself and fam- 
ily disease and death by neglecting to provide the means of keeping the site of 
his habitation dry and clean. Lahorare est orare — 'to labor is to pray' — said 
the wise old monk, and the most effective prayer for health is to supply every 
needed hygienic device for the sacred home of the family 

"It is further objected that most of the cities are sewered for the double 
purpose of removing storm water and sewage through the same conduits, and 
that we cannot afford to do the ccstly work over again. It is one of the fates of 
Progress that faulty methods must be followed by rectmstruction. No works 
last forever, and when we build anew we c an do it better. In the meantime 
the faulty sewers, with their dangerous debauchmeni into the nearest stream, 
lakes, or ocean harbor, can be washed out, disinfected, ami useil exclusively for 
water-drainage while a supplementary system, with safe out-fall, for the removal 
of sewage alone, is constructed with proper engineering skill under the direc- 
tion of sanitary science. The cost of such a supplementary system is not more 
than one-fourth of that of the prevailing system." 
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Subsoil Drainage.— In some instances it will be neces- 
sary to lay tipecial drains for the removal of ground water. 
It will be found, however, that often the strata are so broken 
up by di^g-ing the trench for the sewer and refilling- it, that 
the level of the ground water will be materially lowered. 
This is especially the case when the soil is made up of alter- 
nating strata of pervious and impervious material with an 
inclination unfavorable to the escape of the ground water. 

Nothing connected with designing and building a sys- 
tem of sewers calls for more discretion on the part of the 
engineer than proper provision for the ground water. It has 
frequently happened that long lines of sewer laid beneath 
the line of saturation have proved to be practically useless 
from lack of a proper conception of the influence of ground 
water and lack of proper methods for its remomi or exclu- 
sion from the sewers proper. 

The subject of subsoil drainage will be considered more 
at length in a subsequent chapter. 



CHAPTER III. 

THE SEPARATE SYSTEM. 

The object of the Separate System of sewers is the com- 
plete removal of the sewag"e proper from towns, in such a 
manner as shall best subserve the convenience and health of 
the inhabitants. 

To accomplish this object in the most satisfactory man- 
ner, three things are required, viz.: constant and rapid flow 
of the se\vag*e, thoroug'h flushing", and adequate ventilation. 

Whatever tends to promote either of these three 
requirements is advantageous to the^ system and should be 
adopted. We will, therefore, consider what method of con- 
struction and combination of appliances will best attain the 
end in view. It is evident that to increase the size of the 
sewers, so as to make them large enough to carry the water 
of occasional storms, would be detrimental to the efficiency 
of the sewers, inasmuch as the ordinary flow would be 
impeded and retarded, and thorough flushing and ventilation 
made more difficult, if not impossible. 

In a majority of cases the storm water can, without 
causing trouble, run in the surface gutters and ditches until 
it reaches the natural water courses. Only in large cities, 
where the water would need to run long distances through 
the streets, would any underground conduits for storm 
water be necessary. Where this is the case, either the 
sewer may be sufficiently enlarged for that purpose, or a 
separate channel may be provided for the storm water. The 
necessary length of these storm water sewers will, in any 
case, be but a small fraction of the whole system. 
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Roof Water. — On the other hand, if the introduction of 
a certain amount of roof u-ater into the sewers will insure 
their thorough Pushing whenever there is a sufficient 
shower, advantage should be taken of such ready means for 
accomplishing so desirable an end. 

The object being not the disposal of the roof water but 
the flushing of the sewers, no more roof water should be 
used than is sufticient for that purpose; and the engineer 
must carefully determine at what points, and in what quan- 
tities, the roof water may be introduced. 

Size and Material. — The discussion in a subsequent 
chapter of the amount of sewajje per capita which it is neces- 
sary to provide for, ;ind the carrying capacity of pipes, will 
show that the commonly received notions concerning the 
required size of sewers are entirely erroneous. 

In a majority of cases the people's money is spent in 
^.building large sewers, when smaller ones would be more effi- 
cient and cost very much less. 

Having determined the amount of sewage to be provided 
tor. and the size of conduit necessary, the next step is to 
■aetermine the material for the conduit. Up to IS inches in 
, diameter the best material is glazed, vitrified earthenvrare. 
It affords a smooth surface for the flow of the sewage, and is 
durable and cheap. Above IS inches, sewers of brick, laid in 
hydraulic cement are preferable. 

Flushing. — While the problem of flushing the small 
sewers of the Separate System is a much less difficult one 
than that of flushing the large sewers nf the Combined Sys- 
_tem, still the matter is of the highest importance and should 
■ the careful attention of the engineer. Any of the 
Methods made use of in the Combined System can be more 
laily employed in the Separate System, as a much smaller 
llBntity of water is required. With the ordinary flow of 
nragc in the pipes a fungous growth appears attached to 
e pipes beneath the flow line. This collects the sediment 
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and slime from the sewage and retards the flow. Even in 
pipes, which are apparently in good condition, a careful 
examination will disclose the fact that the surface of the pipe 
under the sewage is foul, and rapidly going from bad ta 
worse. A rush of water will detach the fungous growth^ 
and with it all of the filth which it has collected, and will 
carry it on to the out-fall. 

Let any one examine a sewer which has not been flushed 
for several days. At first glance he will, perhaps, see noth- 
ing amiss. All seems to be in good order. But then dis- 
charge a volume of water into the sewer, sufficient to nearly 
fill it for several yards. The flakes of fungous and the black 
shiny clots of putrefying organic matter, which will be 
driven along by the rush of water, will disclose how rapidly 
the sewers grow foul with a quiet, even flow of sewage in 
them, and how essential the provision for frequent and 
thorough flushing. 

If the rain could be relied upon to come at regular inter- 
vals, the problem of flushing would be readily solved. All 
that would be necessary, would be to provide for the dis- 
charge of the requisite amount of roof water into the sewers. 
But, unfortunately, there may be weeks without rain, and 
during these seasons of drouth some means must be 
employed to supply the lack of rain water. This may be 
done in several ways. A flush tank mounted on wheels can 
be used, and this is available in towns without water works. 
In towns provided with water works the flushing can be done 
directly from the water pipes, or by means of automatic 
flush tanks. 

Ventilation. — The ventilation of sewers has always been 
a difficult problem for the engineer, and especially is this the 
case where the Combined System is used. In the Separate 
System, properly constructed, and where ample provision is 
made for flushing, the problem is much simplified. If only 
fresh, running sewage is found in the sewers, and there is. 
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nil place where the sewage can stagnate and decompiise. 
there will be very little sewer gas developed. If, in addition 
t<» this, the sewers are regularly and thoroughly flushed, the 
air in the sewers will be so frequently changed that there is 
lo-is ti) be feared from thera on account of sewer gas, even 
without any special arrangement for ventilation, than from 
the Combined System with the most elaborate appliances for 
ventilation. Besides the ventilation secured on the street 
lines through the man-holes, lamp-holes and flush-tanks, a 
^itill more effective means of ventilation may be obtained by 
carrying the pipes of the house drains, untrapped, up above 
the roofs of the houses. 

We quote the following from Dr. Alfred Carpenter in 
\hM Jonrtial of the Socictv of Arts: 

"If a sewer tlushM clean, as it tnighi to do; if ii doea not become the babilat 
of sewerage conlervnid growths Upon ils inverl: Ihal ia, i( it is regularly 
scoured above, as well as betow Ihe line at which the sewage ordinarily rims; if 
there is nolhing lo inlercepi ibe passage of sewage from ila origin to ill deparl- 
ure at llleoiillel. then there will he no sewer gaa, there will be ni.> stink, there 
will be no danger lo anybody. 

"The openings on Ihe inverts of Ihe arch of the sireel sewer will be inlets 
(or fresh air, and the venlitators produced by the emeosioa of ibe soil pipe of 
every ivaler-closel above Ibe level of the hnnse top will be outlets for Ihc air 
wbicb has passed ihrough the sewer Thus a cotistacl circulation will be pro- 
moled al all limes by the ordinary laws which belong lo gases, and which by 
Ibeil very oalure prohibit slaRnalion in fluids of all kinds. Occasionally Ihere 
may be down draughts, bul ihey will be of no more momenl than the down 
draughts through an ordinary chimney— indeed they will be as infrequent as a 
down draught into a furnace when the fire is low. Fresh sewage is not danger- 
ous lo anybody, but if it is kept within the curtilage of Ihe dwelling bouse by 
BtMsns of interceptors, or if it be allowed lo stagnate in a badly constructed 
■Mnrer nniil fermentative cbanges have ariren wiibin its substance, it Iben pro- 
duces Ihe chnnce ol evil; but in the present day no authority ought lo be 
■lluwed to keep sewage within ils boidErs until such a change has taken place 
li should bo ■'moved on" out of range as rapidly ns possible The house is Ihe 
unit of sanitary work, and it is wrong for selfishness lo assert itself so as lo 
determine that no man shall assist the local authority in iltfdaty ti 
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"I utterly object to the principle which is being tried to be established by 
various supposed authorities, viz. : that the duties of the individual are antago- 
nistic to the duties of the local authority in the matter of sewers. If each unit 
does his part, the duty of the local authority as to ventilation is simple. The 
latter has to convey away the sewage, and provide inlets for fresh air. The 
outlets must be at the highest points, and if they are so placed, there will not 
be a particle of danger from the production of sewer gas. An authority has an 
important duty to perform, viz.: to prevent the production of sewer air, as a 
major part of its work. The provision for its escape, if it does accidentally 
form, will be best met by details in the construction of the house drain. Con- 
centration should not take place, and without concentration sewer gas is per- 
fectly harmless. There will be no diffusion of eathetic germs, for they cannot 
live in fresh air long enough to spread infective disease, and if, perchance, a 
few should be discharged in the higher regions above the heads of a great or 
small community, they die in a very few seconds. 

"The germs which produce enthetic disease cannot live in fresh air. any more 
than a 6sh can live in unserated water. If discharged, they should be diffused 
above the heads of the people, and not at the street level. These are my 
reasons for advocating the extension of every soil pipe, so that each water closet 
has a ventilator in action, and by this means properly constructed sewers will 
admit fresh air at the street level; and under common conditions, foul air, if 
produced, will escape, where it will fail to set up even the smallest possible 
danger. I advocated this principle twenty years ago, and experience, since my 
first paper upon this subject, has amply proved that I am right." 

There are two methods of carryings out the plan advo- 
cated by Dr. Carpenter. One is by carrying* the soil pipes 
up throug-h the house so that they may serve also as venti- 
lating i>ipes, and the other is by carrying a separate venti- 
lating pipe up on the outside of the house. Both of these 
plans will be considered in detail in a subsequent chapter. 

Special Features. The Separate System of sewerag'e is 
not new and untried. It has been advocated by sanitarv 
engineers for nearly half a century, and the arguments for 
its adoption have been presented in many forms. It was 
first used in England. It is in successful oi)eration in many 
towns in the United States, and is rapidly growing in popu- 
larity as it is better known and understood. 
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The separation of sewage proper (house sewage) from 
storm water falling on pavements, roofs, areas and lawns 
f|las bi-en much more complete in the United States than in 
ngland. 

The plans employed in the difTerent cities where it has 
leen adopted are similar in general design, but differ in the 
letails. The different conditions met with in the different 
icalities would require a certain amount of variation, and 
,ch engineer has followed his own methods for soIvin|^ the 
roblems which presented themselves. The following 
samples will show how the plans vary in different places: 

In the sewers of Memphis, Tcnn.. designed by (leo, E, 
aring, Jr., al! storm water was excluded, and a Field's 
lush tank was placed at the head of each branch sewer, 
he sewers are ventilated through the untrapped interior 
use drains and ventilating pipes. Man-holes were gener- 
ly omitted. Drain tile was laid in the same trench with the 
:wers. 

In the sewers of Pullman, 111., designed by Benezette 
Williams, C. K., the sewers are Bushed by connections with 
the water mains, and the house drains are flushed by auto- 
,tic flushing basins. Man-holes were placed 160 feet apart 
the mains and WIO feet apart on the laterals. 

In the sowers of Binghampton. N. Y.. designed by 
dolph Hering, roof water is used for flushing, and in part 
of the system the sewers are made large enough to carry the 
atorm water. 

The details of the plan adopted for the sewers of Sche- 
lectady, N. Y., and the methods employed in their construc- 
m are similar to those described in the subsequent chap- 
.. A Van Vranken flush tank is placed at each dead end. 
The sewers of West Troy, N. Y., are mainly the Sepa- 
,te System. Certain portions of the city, however, are 
slieved from storm water through main sewers, which also 
mains for the Separate System. Certain portions of 



52 THK SKPAKATK SYS'i KM OF SEWEKAGH. 

the city where the volume of g^round water was larg'e are 
also relieved by tile drains. These are ordinarily laid paral- 
lel with the sewers in the same trench and in most cases dis- 
charg'e into man-holes.* 

In the city of Dayton, Ohio, the sewers are mainly on the 
Separate System as shown by the map on a subsequent pag'e. 
The storm water is removed mainly throug-h surface g-ut- 
ters. In some cases, however, there are underg-round con- 
duits. 

The sewers of the Separate System in Dayton vary from 
fortv-two inches in diameter to eight inches in diameter. 
Man-holes are placed at all junctions and on long blocks one 
is usually placed midway. All dead ends are provided with 
automatic flush tanks. 

A considerable portion of the city was formerly subject 
to overflow from which it is now protected by a levee. The 
entire system' of sewers on the east side of the Miami river 
converg-e at a point near the levee at which there is a pumi>- 
ing- station of a capacity of about twenty million gallons per 
day. The scwag-e is at present discharged into the Miami 
river. The i)umpinj^ station, however, commands consider- 
abk* area of low lyin*^^ land which, should future conditions 
dictate, can bo utilized as a sewaj^fo farm. 

It is c^•i<k•nt that the Separate System is especially appli- 
cable where, for any reason, sewai4:o must be pumped; or 
where it is to be i)uritie(l by any of the many processes for 
that puri)ose; or where the sewa«^e is utilized on a sewage 
farm. In all of these cases the exclusion of the storm water 
from the sewa*i"e j^^reatly reduces the attendant expense of 
the ]) roc ess. 

Amon<4; the many advantaj^'es in favor of the Separate 
System, the one which api)eals most stronicly to the average 
citizen is that of reduced cost. This is the ar*^ument which 
reaches the heart or, what is (juite as necessary, the pocket 



♦ See map of W<;si !>«'>. 
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■of the tax-payer. One i»f the grave objections to the Com- 
bined System is its cost. The actual cost of such systems 
feas been from $:i.oa to SlO.tK) per foot. The cost of the Sep- 
arate System has varied from 75 cents tii $2.00 per foot It 
is safe to say that under ordinary i-ircumstances its cost will 
be from one-eighth to nne-third of that of the Combined 
System. 

It may be asked why the Combined System is still 
bdopted in so many cases, if the advantages of the Separate 
■stem are so apparent. The answer to that question is, 
engineering- precedent carries great weight with it 
■monfr engineers, and a venerable error, even, is hard to put 
I, The Combined System is one of natural growth. In 
i the natural water courses are covered over and con- 
•erted into sewers, and branches are built lending into them. 
Then the branches are extended, until they form a complete 
kystem of sewers. 

You can see the beginning of this system in almost any 
wn which has a small creek running through it. The 
fereek will be partly arched over, and branch drains will be 
instructed leading into it, long before the subject of sewers 
I brought up for consideration. When the matter does 
lOme up, the chances are that the system already begun is 
Umply extended and completed, and another bad precedent 
which miikes the introduction of the better system 
^ore difficult. 

Although local conditions and consideratiims of economy 
in some cases muke it the part of wisdom to combine 
storm water and house wastes in the same conduits for 
removal, the attainment of perfect house drainage cannot be 
furthered by so doing, and quite likely wiU be jeopardized. 
{ifnthiRg interfering with the utmost attainable perfection in 
he sanitary condition of the drains connected with the inte- 
iorof our dwellings should be iillowed. If sul>-surface con- 
pnits for other purposes than house drainage, and not so 
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connected, are less perfect in their sanitary condition (and 
from the inconstant nature of their use they must be), it is a 
matter of less imp«>rtance; since opening* into an unconfined 
and widely circulating" atmosphere, any noxious gases are in 
St} much greater degree diluted and rendered innocuous. 

The introduction ot the Separate System marks an im- 
portant era in the development of sanitar\' drainage, rec<^- 
nizing, as no other system has, the prime importance of an 
earlv removal of household and industrial wastes, which are 
the main factors in soil pollution. That it will best meet the 
requirements of all large and densely populated cities (econ- 
omy considered 1, is not probable. That, under competent 
advice, it can meet the requirements of house drainage more 
perfectly in any city than the Combined System, cannot be 
denied. It is peculiarly adapted to many of the numerous 
smaller cities, which have been practically debarred from 
sewerage by its cost, and to outlying portions of larger ones. 
Its comparatively small cost permits an early and general 
extension, and the removal of domestic wastes before the 
soil has become saturated with them beyond a reasonable 
hope of puritication. 

Thi' wide a])i)lication which can be made of this system 
will he ai)]>arent iqxni an examination of the following classi- 
fualion of the cities and towns of the United States. The 
table classities all the cilie-^ and towns of the United States 
of s,ooo inhal>itants and upward by the number of inhabi- 
tants as jriven in the census of \x'MK The census returns 
also :llustrate the increasing- tendency toward the aggrega- 
tion of populatii)n in cities where sanitary works are imper- 
ative. 

"In the puhlislied records ot f()im«*r c<Misiise^ url)an population has been 
dftint'd ;is that rlf-nu-nl lixin^ in < itit-s. or «)thei clnseK aggregated l>odies of 
popiilaiuni ( oiitaining H.ooo inhabitants or more This ilrhnition of the urban 
elenirnt. althoiigli a sonurwhat arbitrary ont*. is use(i in the present discussion 
of thf ri'sulis of the Mlfventh t't-nsiis in order that th»'v niav be compared 
direitlv NNJih those of earher crnsusrs rh«* limit of S.ooo inhabitants is, how- 



a higb one. inumacta as miai of ihe diitjnciiv« fealucM of urban life atr 

io smaller bodies ol pupulaiion RecogniiiiD); this fact. Ibe discussion of 

(tie urban clasa was In iSSo extended in pan to include all sucb bodies of pop 

Illation down lo a limit □! 4,000, a precedent which will be follawed in the 

moTe eiiended piiblicalinns of (be Eleventh <'ensus 

I "According 10 Ihis definilicn the urban population of the country in 1H90 

■jpwa i8.ijs,670. th« lolal population being 6i,6ij,:Jjo The urban population 

^BODitlituicd rn iS^n, 29 11 per cent, of tbe lolal popnialion Corresponding G|t- 

|< arcs toi Ibe several censuseR are given in the labk opposite. 

It will be seen lltat tbe proportion of urban population has increased 
uradually during ibe past century from 3 35 up to 19.11 per cent., or from one- 
ibirtieih up 10 nearly one-tbird of the lolal populadon Tbe increase has been 
rcRiilar from Ihe beginning up to 1880. while f rum 1880 lo ttlgo ii bas 
> leap from n 57 up lo 29.11 per cent,, thus illuslraiing In a forcible 
r Ihe acceleraied tendency of our popnialion toward urban life " 
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"The following table shows the namber of cities daastSed according to 
popolaticQ at the date of each 
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Accordintr to the ronsiis of isso about seven-cig"hths of 
the cities ot the Ignited States . :51»7 • had less than 25,000 
inhabitants. It is probable that most cities of less than 
4,0(M) inhabitants, and many that have S,(hm> inhabitants do 
not iHMjiiire an extensive system of sub-surface removal for 
storm water, and that in the few remaininj^; the system of 
conduits for sub-surface removal may be very limited. 

It is also ])robable that a very small percenta«;-e of these 
cities of less than S,ooo inhabitants have a couiprehensive 
plan of sewage for the removal of house wastes. The great 



CHAP, HI. THK SICPAHATIC SYSTIOM. :>l 

majority of them are doubtless expending what tittle capital 
they devote to this end, both public and private funds, ia a 
way that will not contribute, ultimately, toward a harmoni- 
ous system and consequently to a great extent wastefully. 

In view of these facts .ind the statistics of the census 
bureau quoted, it becomes apparent that the Separate Sys- 
tem of sewerage must be widely extended. 



CHAPTER IV. 

PLANS. 

In desigriing a system of sewers for a town, there are 
several thing's to be taken into consideration before deciding 
upon the plan to be adopted. The principal points to be 
considered are: the size of the town, its situation with refer- 
ence to the disposal of sewage, the compactness of its build- 
ings, its topography, its water supply, the character of the 
soil, the sanitary habits of its citizens, and its financial con- 
dition. 

The amount of sewage in any town will depend upon the 
number of its inhabitants, their habits, and the abundance 
and convenience of the water supply. In a town without a 
public water supply, the amount of sewage per head will be 
much less than where water is abundant. With the intro- 
duction of water works comes the multiplication of water 
closets, and a rapid increase in the use of water for baths 
and various household purposes, and the amount of sewage 
will ra])idly increase. ^Phe volume of sewage to be provided 
for, in any case, may safely be taken to he equal to the vol- 
ume of water used. 

Sewage Disposal. The disposal of sc'wage is a problem 
of the highest iinporlanco. .When sufficient fall can be 
obtained, the sevvaj^e is usually carried bv gravity to the 
nearest str<'ani, or large body of water. The effect of sew- 
age ]>ollution on streams and lakes is a (juestion which is 
rapidly growing in importance as our ])opulation grows more 
densi', and inoi'e towns are sewered. 

In the older countries of JOurope the j)()llution of water 
courses by sewage has forced itself uj)on the attention of 



t^^ovi-rnment officials, and string^ent laws have been passed to 
liroteft the purity of streams, In this country the time is 
not far distant when the pollution of streams and takes by 
sewafje will need to be fnrbidden by law, or in many localities 
pure drinkintf wiiter, in any considerable c[uaniities, will not 
be obtainable. 

The- Stale of Massachusetts, some years since, took 
sleps in this direction throug-h "An act to protect the purity 
of inland waters." Several other states have followed with 
liUe enactments. 

In many ca»cs there is no a\'ailablc out-fall for the sew- 
age and the question of its disposal comes up at once with 
Ihi- inception of sewer projects. 

The methods for purifying sewage by chemical pro- 
• esses are many and various. The object of these processes 
is to so purify the sewage that the water may be turned into 
the streams. The residuum is used as a fertilizer and for 
\arious other purposes hut is practically valueless in its 
crude state. Wherever the right kind of land is available, 
the sew;^e may be used for irrigating crops, and this has 
been successfully done in many cases. 

Sometimes a town site is so flat that sufficient fall cannot 
be obtained to carry off the sewage. In this case the sewage 
may be pumped, or raised by Shone's System. 

Storm Water.— In towns where the houses are at con- 
■-iderable distances apart, and no very large proportion of the 
surface is paved, the storm water will usually be easily dis- 
posed of without providing any underground channels for it. 
But in large cities compactly built, where the greater part of 
the surface is paved, and where the water would need to run 
in the streets for hnig distances to reach an out-fall, provis- 
■iii must be made for the storm water. This may be done 
> enlarging part of the sewers so as to carry thu surface 
\\aler a** well a^ the sewage, or by constructing special con- 
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duits for the surface water. These special conduits maj, in 
most cases, be very much shorter than the sewers, as the 
storm water can be delivered into anv natural water course 
within the town, while the sewage must be carried entirely 
out of the town. In every town problems will arise peculiar 
to the circumstances in each case; and the details of the plan 
best adapted to any g'iven requirements must be worked out 
to suit the conditions of that special case. 

The Preliminary Survey. — Before any definite plans can 
be determined upon, a careful topog-raphical survey must be 
made. A study of a reliable map of a town, with the heights 
of the street corners and points at changes of slope noted 
on it — or, better still, with the contour lines drawn on it- 
will enable the engineer to determine approximated what 
grades are available for the sewers; the best lines for the 
mains; and will enable him to so design the laterals as to 
lead the sewage by the most direct route to the out-fall. 

These approximate calculations can then be tested by 
final computations made from the diagram in Chapter VI. 
If thoro are any defects in the assumptions of inclination 
made, it will hoconu' apparent from the diagram when the 
si/es are deter mi nod, and ]>roper corrections can then be 
made. 

It must not bo forgotton in ilolorniining the grades to be 
adoptod, that a oontinuou-> riso aloiii^ iho crown of the sewer 
is roijuirod ft>r iho upward passai^o of air-currents, as well as 
a oontinuous dosooni alon^- iho invorl for the downward flow 
of sowaii'o. To acooniplisli thi>, ii i-- nooossarv when the 
-;o\\ ors flowing- into a man-holo aro snialior than the outflow- 
ing- so\\«.r^ to whioh tho\ aro irihutarv, to raise the crowns 
o\ tho fornior sli^htiv al»»>\o that ot xhc latter. This fre- 
viiiontly oooa^ion-N .i v'on-<idoraMo It>-i> of ^railo. For exam- 
plo, if a inan-holo ha\ in^- an oiuhiv'on iiuii outUi has a twelve 
inch and a ton inoh >o\vor trihutar\, and to insure a free 
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rery at all times we raise their crowns an inch above the 
rown of the outlet, the invert of the twelve inch pipe will be 
aised above the ^ade line seven inches and that of the ten 
tch pipe nine inches. This is ilhistrated in the drawing of 
i-hole, Plate V, Another reason for raising the inverts 
nnflowinfr pipes at man-hoies. is. that obstructions are 
i likely to occur at man-holes than when the aewer has 
■ full circular section, and the increased descent thus 
Bred tends to prevent deposits. 

Ka preliminary survey for sewers should include such 
"emcnts as will enable the engineer to muke a niup of 
town and profiles of the streets. The lengths and dircc- 
i of the street lines should be carefully measured, and 
:vels should be taken at every one hundred feet and at every 
bange of slope of the surface. A datum should be selected 
ad its distance below some well known fixed point in the 
)wn be given. Bench marks for levels, and reference 
oiots for line should be established at everv street intersec- 

i' 

KThe establishment of bench marks should be the Hrst 
Ki in takinif the levels, and it should be done independ- 
aUy of the surface levels, as extreme accuracy in the final 
ication of the grade line in construction is necessary in 
rder that portions of the system which may be constructed 
Iprately may be properly joined. After the territory is 
ped with a proper system of bench marks, which have 
I carefully checked by cross lines and found to be cor- 
I the surface levels can be taken very rapidly and with 
i|Citrc. as any error is not carried but is eliminated at the 
Reding bench mark. 

The transit and level notes of the preliminary survey 
1 be carefully preserved, after they have served their 
■ in the preliminary work, as they will serve as a 
k oa the succeeding work. 
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From these notes a map can be made and the contour 
lines drawn on it (as in the maps shown in front of book), on 
the heigfht of a sufficient number of stations marked on it 

The sur\-ey should also include outlying^ portions of the 
territory which may belong* to the same natural drainage 
basin, and for the storm water of which it may be necessary 
to provide special conduits. Rough profiles of the streets 
can now be made, and the g'rade lines of the sewers laid 
down on the profiles. The method of determining* the 
proper grades is fully described in the following pages, as 
also the method of determining the loss of elevation on 
curves and in the case of a smaller sewer being tributary to 
a larger one. 

Having located the out-fall of the sewers and established 
its height, it will be best, in determining the grades, to work 
from the out- fall along the mains to the laterals, as this will 
show the height at which each junction must be, and what 

fall is available. 

Capacity Required. - In designing a system of sewerage, 
the final question to be decided, and the most important one, 
is the question of size. 

It is obvious that proportioning a plant to meet the 
demands of so inconstant and widely varying a use as the 
removal of storm water, presents especial difficulties, both 
as to economy and efficiency, and that, generally speaking, 
the possibilities of (.economical construction and service are 
measured by the regularity of the work. 

The aggregate yearly discharge of house drainage from 
areas fairly built up is in excess of the entire volume of 
storm water that ordinarily reaches the street catch-basins. 
Yet the capacity recjuired for the ain])le service of house 
drainage is, approximately, but one-fortieth of that required 
for, or, more properly, of that usually given to, sewers for 
the removal of sewage in combination with storm water from 
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streets, gullies, roofs, paved areas, etc. In fact, though rep- 
ienting' ultimately the greater amount of work in the Com- 
led System of sewers, it is considered unnecessary to 
lake house drainage a factor in computations determining 
their sizes. (See Adams' "Sewers and Drains for Populous 
Districts." page 3".) 

It has, therefore, not been customary or necessary, in 
designing sewers of the Combined System, to investigate 
carefully the statistics of water consumption, either as to its 
tjuantity or the varying rate of flow at which it finally 
reaches the sewers. In designing a plant for the discharg'e 
of house sewage exclusively, a consideration of these ques- 
tions becomes of prime importance. 

I Size is dependent not only on the quantily of sewage or 
^ water consumed, which in ordinary cases is its measure, 
but upon the manner in which the water is used and the 
peculiar habits of the tributary population. A manufactur- 
ing district may consume and deliver to the sewers its entire 
quota, amounting to several hundred gallons per diem, per 
capita, within a few hours, while the sewage from a resi- 
dence district may be distributed over the twenty-four hours 
4ta nearly uniform rate. 

The quantity of water actually used is but a small pcr- 
tage of that wasted, and while the use of water in dwell- 
igs is intermittent, having ordinarily three maxima, the 
\iU of water is more nearly constant, being caused by 
ky and imperfect fixtures or taps purposely left open to 
icure fresh water or to prevent freezing. 

Besides the daily variations in sewage flow, there are 
■de variations on different days of the week, due to the 
rying daily habits of the people. The maximum weekly 
ordinarily on Monday. Thus, representing the aver- 
se daily flow by UK), the maximum rate of flow during an 
rage day may be LW, and Monday having in addition to 
fluctuations those peculiar to itse!/, may have a maxi- 
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mum rate of flow one-third g^reater, which would be repre- 
sented by 200; and since the sewers must be proportioned to 
discharge the maximum flow occurring* at any hour duringf 
the week, in this case it should be made to carry twice the 

' mm 

averag'e daily flow. 

Changes of Temperature. — There are also wide varia- 
tions in water consumption and consequently in sewag"e flow, 
due to climatic differences and variations in temperature, 
which are usually loo little considered in proportioning the 
size of sewers, and particularly of main sewers. 

In a majority of our cities, the maximum consumption of 
water occurs during the winter months, and as it is due to 
water taps which arc left open to prevent freezing", a g^reater 
percentage of the total consumption than in ordinary cases 
reaches the sewers, and the maximum rate of water con- 
sumption becomes in still greater degree the maximum rate 
of sewage flow. The secondary maximum of water con- 
sumption, occurring in summer, is in greater deg'ree used 
for ])ur])()ses which withdraw it from the sewers, as in street 
and lawn si)rinkrmg, etc. 

It is (luring- this maximum rate of flow, occurring in the 
winter months, tliat sowers are more likely to be subcharged 
than at any otlier time, and it should be carefully considered 
in ])roi>ortionin«4' the sizes of ]>ipes in the system. It is true 
that it is tlu* result of a waste of water, which is perhaps 
extravagant, and which it niij^^ht bo hotter economy to check 
than to roniovo by sowora.U"o. 

Use of Water Increasing. It is also true that the per 
capita oon-Nuniplion and wasio i^i water has been g*radually 
incroaslnti- up to tiio present tinu\ and is likely to reach still 
higher tis^iiri's. Tiiis ineroasoti demand for water has been 
met l»v t>unipinii- onuinos iA niueh higher dutv, and bv 
inii»ro\enients in water works i^onorally, which enable them 
io furnish water to the consumer at lower and lower rates 
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per gallon, commensurato with the increased economy 
secured. This in turn encourages the use of water from 
the public mains for motive power, as the running of eleva- 
tors, motors, etc.. and for the thousand and one purposes of 
li^fht manufacturinjf, requiring' the use of power, always 
ready, and costing- nothing when not wanted. Rapid as has 
been the development of water supply systems in the United 
States, their capacity has barely kept up with the demands 
of the people. 

It is likeiy, however, that recent developments in the 
electrical transmission of power and a growing tendency to 
conserve the water supply by more rigid inspection and the 
general use of water meters, will tend to reduce the average 
consumjition of water in most cases. 



CHAPTER V. 

QUANTITY OF SEWAGE. 

Owing- to the scarcity and incompleteness of data at 
present accessible on the actual flow of sewers, and to their 
unreliability as well, and to the very complete records of 
water consumption, which are made possible by the use of 
pumping^ machinery, automatically recording- its own per- 
formances, an investig-ation and classification of the statis- 
tics of water consumption will, undoubtedly, be of use in 
desig-ning- a sewerag-e system. Size is entirely a matter of 
calculation from data, mainly assumed, as: 

(1) The extent of the system. 

(2) The density of population, or the probable density 
of population in the near future. 

(8) The number of g-allons of sewerag-e per diem per 
i:a])itii. 

(4) ^rho varying rates of sewag-e discharg-e. 

(5) n^hc inclination of the sewers. 

((>) ^rhe smoothness of the interior surfaces of the 
sewers. 

Of the above factors entering- into calculations deter- 
mining size, those of extent and inclination only are capable 
of exact determination. And since, in designing- a system of 
sewerage for American towns, the element of future g-rowth 
must be considered, not only by increased density of popula- 
tion, hut by the extension of the suburbs, thus extending" 
the dead ends, and j>ractically converting- what was formerly 
a lateral into a main, the factor of extent may be considered 
to have an element of uncertainty. 
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Upon the accuracy of the assumption made by the 
enjifineer, then, in regard to these variable factors entering 
so largely into his calculations, will the efficiency of the sys- 
tem mainly depend. 

The following statistics of water consumption are given 
with a view of showing what may be a proper value, for each 
of these variable factors in ordinary cases. They have been 
collected from various sources, and a summary is presented 
in condensed tabular form, convenient for reference. A few 
statistics of sewage discharge are also presented, but owing 
to the difficulties previously stated, they indicate the condi- 
tion of sewage flow for a very brief period only, and admit of 
but limited application. When examined in connection with 
the statistics of water consumption they are of increased 
interest. 

The consumption of water will be examined in the fol- 
lowing manner: 

{If The quantity of water consumed. 

^(2) Monthly \'ariations. 
(3) Daily variations. 
(4) Hourly variations. 

(.5) Variations due to extremes of temperature. 

(fi) Special cases— as, cities using water largely in 
manufacturing, brewing, etc. 

In the following tables the standard of comparison taken 
is the average per diem per capita consumption, which is, 
for purposes of comparison, assumed at UK), and from statis- 
tical data the per cent, comparison is made by computation, 
as this is most convenient for use. 

The average per diem per capita consumption is that 
most readily obtained, especially from pumping records 
of the smaller cities in which records arc usually less per- 
fect, being computed from aut'imatic counter readings. In 
many records of pumping works, where the supply is com- 
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pared with the population, the results are misleading'. For 
instance: in the smaller cities of from 10,000 to 15,000 inhab- 
itants, while the per diem per capita consumption, based on 
the total population, is but little below the averag'e, the 
actual per diem per capita consumption for each person 
usin^ water from the city mains must be greatly above the 
averaj^e, as the proportionate number of consumers in such 
cities is frequently below one-half, and, consequently, the 
sewa|4"e flow in proportion to the actual tributary population 
is dispr()i)ortionately large. This condition is, undoubtedly, 
owing to the usual laxity of cities of this class in controlling 
the use of water, and is corrected as the city increases in 
population and improves in its conduct of municipal affairs. 

The water statistics of large cities are often misleading 
in the other direction, many supplying water from the city 
mains to their own entire population, and to outlying* subur- 
ban districts as well, which, in many cases, is not stated in 
published reports. In many cases, also, the per capita con- 
sumption in published returns is based upon estimates of 
population, which are merely i^uesses and may be wide of 

the mark. 

The sewerage of every city ])resents problems for solu- 
tion essentially peculiar to itself, and these must be carefully 
considered. The tables here given, while not strictly appli- 
cable to certain sj)ecial cases, will, nevertheless, be a guide 
in determining their reciuirements. 

The Quantity of Water Required. The following* is J. 
T. Fanning's estimate for American cities: * 

in American citit>s having wrll arran^;ed and ni.iintained systems of water 
supply, and furnishing Kood. whtdfsiMut* \vatt»r for domestic use, and clean, 
soft water adapted t(> the use of the arts and for mech.iniral purposes, the aver- 
age consumption is fmind to be approvitnatelv as follows 

[u) I'OT ordinary di>imrslic use. not including hose use 20 gallons per 
capita per day. 

•From J. T. h\inii>ni{'s tfvdi julic KuKinrt'iiuK. l'^ prumssu n 
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{i) For private stables, includiat; carriage washing, wheo reokoaed on the 
basis of inliahitants 3 gallons per capita per day 

i<) For commercial and manufarturing purposes 5 to 15 gallons per cap- 

{{/) For fonatains, driDking aad OTDameDtal 3 to 10 gallons per capita 

(r) For lire purposes 1 in lo gallon!* per capita per day 
{/ ) For private hose, spHnliling streets and yards. >o Kallons per capita 
per day during the four driest montbs of Ibe yeat. 

(f) Waste, to prevent freeiing of water in service pipes and house fix- 
lures ID noriheru cities 10 gallons per capita per day liiirins the three coldest 

1^1 Waste, by leakage of fixtures and pipes, and use [or flushing purposes: 
friim 5 gallons per capita per day, upward. 

The above estimates are on the basis of the total popalatioo o( munici- 

The domestic use is Kteatesi in the towns and cities, and in the portions 
' towns and cities having the greatest wealth and rermement. where water is 
iciated as a luxury as well as a necessity, and this is true of the yard 
Sprinkling and ornameDtal fountain use, and the private stable use • • • 

"The general introduction of public waler works on the constant supply 
system, with liberal pressure in the mains and hou^e services, throughom the 
American towns and cities has encouraged its liheral use in the households, so 
that it is believed that the lirgiliimue and economical domrslv use of water is ai 
greater average in the American cities than in the cities of any other countr) , 
at lbs present time, I'lid ils gtiittal use is sltmUly tnirtasing " 

The proportion of the above per capita per tlay supply 
iturally reaching the sewers may be summarized as fol- 

(«) Domestic use. . . . . . 20 gallons. 

(*) Stables, 3 gallons. 

(c) Manufacturing, ... - .'i to 15 gallons. 

(rf) Fountains, 'H to 111 {gallons. 

(g-) Waste in winti-r. . . - - m gallons. 

<A) Flushinjf, .^ tci I,^ gallons. 

Tiital supply, reaching sewers. 46 to 73 gallons. 
In the report of the Engineer Department of Washing- 
, D, C. for ISHT, Captain P^dwaril Burr makes the follow- 
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ing- estimate, per capita, of the legitimate requirements of 



that city: 

For domestic purposes, - - - 
For commercial and U. S. purposes, 
For sprinkling" (maximum) 

Total maximum leg*iti mate use. 
Add for waste, not deliberate or wilful. 



30 gallons. 
30 gallons. 
15 gallons. 

75 gallons. 
25 gallons. 

Total, 100 gallons. 

The actual consumption for 1897 was 164 gallons per 
capita for the entire population, including suburban and 
rural population entirely without water facilities. 

As an example of the actual quantity of water needed for 
domestic purposes, the following statistics of consumption, 
determined by meter measurements, are extracted from an 
article on **The Consumption and Waste of Water," by Dex- 
ter Brackett, M. Am. Soc. C. PI, in the transactions of the 
American Society of Civil Engineers, 1895: 

TABLE III. 

AC TUAL CONSUMPTION BY METER. 



1 ( n V 

1 

1 


No 

of 

Houses 

31 


('lass of Houses. 


Gallons 

per 
capita. 


1 

1 Boston 


Highest cost apartment bouses 


59 


1 

1 Boston 


46 


First class apartment houses 


46 


Boston 


223 


Moderate class apartment houses 


32 


1 

1 Bostrn 


y> 


Poorest class apartment houses 


16.6 


1 

1 Newton 

1 


490 


Houses supplied with modern plumbing 


26.5 


Fall Kivcr 


28 


The most expensive houses in the city 


25 5 


Fall Kiver 




Total domestic consumption 
Potal domestic consumption 


12.3 
16.8 


Worcester 

1 





CHAP. V. 



yUANTITY OF SKWAGK. 



71 



From these, and other statistics given in his article, Mr. 
Brackett draws the following conclusions: 

(1) The quantity needed for domestic use is not more 
than 30 gallons per inhabitant. 

(2) It is not probable that the actual requirement for 
mechanical and manufacturing uses at present exceeds 40 gal- 
lons per capita in any of our large cities. 

(8) The quantity needed for public use is not more 
than r> gallons, making a total of 75 gallons as the maximum 
quantity needed for actual use, without any allowance for 
waste. 

It is estimated that in many places the needless and wil- 
ful waste of water is from 50 per cent, to 75 per cent, of the 
entire supply. 

The following table illustrates the increase in water con- 
sumption in several cities : 
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TABLE IV. 

SHOWING CONSUMPTION OF WATER IN TWELVE AMERICAN CITIES. 



Based upon the Total Population. 



CITIES 



Boston. . . 
Brooklyn. . 
Buffalo . . . 
Chicago. . . 
Cincinnati 
Cleveland . 
Detroit . . . 



Jersey City 
Louisville. 



Philadelphia 
Washington . 



Montreal. 



Average Daily Supply Per Capita in 
Gallons. 



1874- 



*I. T. Fanning s Hytli.iulic En«inecrin»;. 
tj. J. R. does' Statistic.il Tiibles. i^^5 
IDrpartiiU'Ht Repot ts. 



60 

58 
60 

84 

45 

45 

87 
86 

24 

58 

13H 

66 



i884t • 



no 

63 

151 

145 
76 

88 
120 
136 

64 

81 

165 

88 



1890^ 



84 
66 

170 

123 

99 



175 



62 



TOO 



M5 



1897* 



265 



127 



128 



130 



215 
164 



TIk' I'ollowino- tabk- compiled from the statistics of one 
hundred imd seventy-six American cities, illustrates the con- 
sumption of water: 
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Avtraite Con sump 
lioD of watsr per 
diem per cspiia. 



1 ,. 


ij."*! to sa.ooo 


86 


1 






" 


OOO lo ,00 ooo 








350.000 to 500.000 


89 








4 







The ahovf tables, though g-iving- the avenig-e daily use, 
pre not sufficient to predicate an assumption of sewage dis- 
ibargc upon, as they indicate simply averages obtained from 
pidely varying rates of consumption. As previously stated, 
tach day has a maximum rate of discharge, and there are 
> weekly and monthly maxima, varying according to the 
wbits of people, and to the conditions of temperature, etc., 
pd the sewers ^we are considering the Separate System, 
brbich hat* no capacity of slorage) must be proportioned to 
Blschar^e their contents at the maximum rale ut which thev 
reived. 
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Varying Rates of \Valer Consumption. — There are two 
principal maxima of water consumption, one occurring" during 
the coldest weather, and one during the warm and dry 
months of late summer. It is the former which particularly 
influence the sewage discharge, being in most cases the max- 
imum rate of water supply for the year, and nearly its entire 
volume reaching the sewer, while the uses to which water is 
put during the warm and dry weather maximum, diverts it 
largely from the sewers. 

The following table indicates the monthly variations in 
water consumption during the year 1884, in several Ameri- 
can cities, covering a considerable range of latitude. The 
computations are made from statistics appearing" in official 
reports of the water departments of the various cities, and 
are reduced to the per cent, basis in terms of the average 
monthly consumption. 

TABLE VI. 

ILLUSTRATINC. MONTHLY VARIATION IN CONSUMPTION OF WATER IN 1884, IN WHICH 
THE MBAN MONTHLY CONSUMPTION FOR EACH CITY IS RBPRESBNTBD BY ICO 



rn IKS 



3 
C 



(Miicago 105 

('olunibus I <8 

Nt*w ( )rleans. . uo' 

Cincinnati . . . SSi 

Wilmington . . . \o\- 

Hutlalo Ill 

l^mnhamplon . 1 M> 




l^'roni tho abovi' tahlo wo lind tho averag"e maximum 
nu>nthly ct^nsuniption tor tin* ^cvon cities lo be 119 8-7, or, 
practically, twenty per cent, in ixeesv^ of the averag-e 
monthly consumption. 
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The daily cunsumptiim hasa weekly maximum independ- 
ent of atmospheric conditions, and which ordinarily occurs 
on Monday. The widest variations in daily consumption, 
however, are those due to extremes of temperature. 

The relative minimum, mean and maximum daily con- 
sumption, in a few cases, is illustrated in the folhiwing table 
in terms of the mean daily consumption. The computations 
Hre based upon statistics contained in official reports, 

V TABLB Vll. 



l-ITIES. 


Minimum 
Daily Con- 
lumptiOD 


Mean 
Daily CoD- 
sumptinn 


Maximum Daily 
Consatnpiion 


^y^fS" ; 


Si 
60 
68 


100 


151 
176 







The average maximum daily c<msumption in the cities, 
g'iven in table VII, is 147. or forty-seven per cent, in excess 
of the mean daily consumption of the year. 

The averajfe maximum daily consumption, given above, 
^dicates only averages fur a period of twenty-four hours. 
^ will be necessary to ascertain the- rate of the heaviest 
ur's use. 

The following table indicates hourly consumption, com- 
ited from automatic counter readings of a direct service 
llinping engine, in Kalama):<.K>, .Mich.; 
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TABLE VIII. 

HOURLY VARIATIONS IN WATER CONSUMPTION. MONDAY. MARCH Q. 1886. 



TIMS. 



Gallons per Hoar. 



TIME. 



I A. M. 


52.5^8 


2 " 


49.964 


3 '• 


51.464 


4 '■ 


52.472 


5 " 


52.864 


6 * 


52.332 


7 •' 


54.880 


8 •• 


64 70S 


9 " 


62,160 


10 '* 


61.600 


II 


60.844 


12 M. 


61.964 



I p. 

2 

3 

4 

5 
6 

7 
8 

9 
10 

II 

12 



Gallons per Hour. 



58.520 
58.128 
59.360 
59.640 
61,040 
57.232 
53.928 
56.560 
52.640 
54.880 

52.752 
48.328 



PERCENTAGE RELATION. 

Average hourly rate 100 

Minimum " 85.9 

Maximum ' 115. i 

If this table be examined in connection with Table XII, 
sh()\vin«i: sewer oaui^injifs taken simultaneously with the 
counter reading, it will be particularly interesting*. A 
y^raphical representation of the two on the same sheet shows 
almost precisely the ^ame relative variation in each. 

Durinj^ the week endin*^- August 'J^th, lSt^8, observations 
were made to determine the rates of consumption for differ- 
ent portions of the 1^4 hours, from the Mystic works, which 
supplied a populatit>n of li7,(>0(>. The results were as fol- 
lows: 
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TABLE IX. 





1* t \M'V 


Gallons per Capita 


Percentage of ! 




TIMK. 


per Day. 


Average. ] 

1 

1 




I A. M. to 4 A. M. 


408 


1 
55 




4 •* to 7 •• 


58.6 


80 




7 " to lo • 


103.8 


140 




lO " to 1 p. M. 


93 


126 




I p. M. to 4 " 


93 2 


126 




4 •• to7 " 


79 5 


108 




7 " to lo '• 


61.9 


84 




lO " to I A. M. 


52 9 


72 



Average 736 



The following' illustrations and estimates of varying- con- 
sumption are taken from J. T. Kanning-'s Hydraulic Eng-i- 
neering": 

"The Brooklyn diagram shows that the average draught in the month of 
maximum consumption was in 1872, fifteen per cent, in excess of the average 
annual draught; in 1873. seventeen per cent, in excess; in 1874. thirteen per 
cent in excess. 

"A Boston Highlands direct pumping diagram, lying before the writer. 
shows that the average draught at 9 o'clock in the forenoon was thirty-seven 
per cent, in excess of the average hourly draught for three months. 

"The maximum hourly draught, indicated by the two diagrams taken 
together, is nearly seventy-five per cent, in exces.s of the average throughout 
the year. 

"In illustration we will assume a case of a suburban town, requiring, say, 
an average daily consumption for the year of 1,000,000 United States gallons of 
water, and compute the maximum rate of draught on the basis shown by the 
above named diagrams, thus: 
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Average draught per year 

Add 17 per cent, for maximum monthly average 

draught, making 

Add to the last quantity 10 per cent, for the maximum 

weekly average draught, making 

Add to the last quantity 37 per cent, for the maximum 

hourly average draught, making 

Add to the last quantity 23 per cent, for the maximum 

hourly average draught on Mondays, making 



1. 000.000 
1,170,000 
1.270,000 
1,640,000 
1,870,000 



"The maximum hourly draught is not infrequently one hundred per cent, in 

excess during several consecutive hours, independent of the occasional heavy 
draughts for fires." 

Fanning''s estimate, as given above, would require sew- 
ers capable of discharg-ing- twice the mean daily water con- 
sumption, upon the supposition that at the time of maximum 
consumption its entire volume reaches the sewers. And 
this being" ordinarily in the winter months, the supposition 
is a reasonable one. 

The following extracts from the report of the Louisville 
Water Works for ISJH), shows the relation between **con- 
sumption of water per capita'' and ** consumption pel* each 
consumer" from 1S(U to 1881). 

It appears from the table that the consumption per con- 
s/n?ie?'hiis been without any notable increase previous to 1880, 
since when there has been a considerable increase. During 
this period the consumption per capita based on the Mai 
pofulatio)! has increased from S.^^(^ trallons to 67.32 gallons: 
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^T^^^B 


TABLE ^^^^1 


S 


P 


si 


1 


1 


i- 


H 


I 


1 

■5. 


■1 


ag 


■ 3 


1 


1 
s 







1 


, i- 


1 


1 


■ E 
s 






i 


1 




zS 


s 


: * 


1 






■ 


i 

ia.569 


12,26a 


122,620 


132.400 


166,000 


67-32 


91.14 


M,698 


I.. 398 


..3,980 


I31.7*' 


16J.000 


62.23 


7796 




7 II.ODI 


10.729 


107,290 


131.000 




6362 


9607 




6 n>.i<3 


9,990 


99.900 


130,500 


160.000 


6495 


.04.''-' 




5 9.709 


9.469 


94,090 




■ 59.000 


6239 


.0477 




« 9.2*' 


9. OH 


'JO. 340 


125.500 




5622 


9S33 




t 8.730 


8.594 


B5.940 


iJ5.PO.> 


■ SKono 


S1.9I 


95 44 




» 8.»93 




8;.oio 


124,500 


157.000 


47,11 


90 19 




1 7.047 


7.877 


78.770 


124.000 


.56.000 


SS47 


109.B6 


■ 


6 7.50« 


7.4fi^ 


74.020 


m.ooo 


■ 36,000 


4209 


8801 




!> 7.18J 


7.»43 


7^430 


IJJ.OOO 


,S6,<™ 


33 16 


7. 42 




& 7.01a 


6,978 


69.780 




154.000 


"9 35 


64.77 




7 6.B10 


6.797 


67.970 


117000 


154,000 


2H62 


64.65 




6 6.559 


654. 


65.410 


116,000 


152.000 


^7 44 


6375 




5 6,aj< 


6,;i28 


6i.i)io 


■ 14,000 


152.000 


23.76 


5798 




4 5,431 


559' 


55.9.0 


.09,000 


152,000 


13-68 


6437 




4.74" 


4.932 


49. 3« 


98,000 


144,000 


12.32 


65.16 




4.»68 


4.4Si 


44, 5 JO 


84,000 


.36,000 


2.,69 


66 2j 




3,911 


4.13' 


4'.3'o 


76.000 


129.000 


10.86 


6s-. 3 




3.436 


3.668 


36,680 


70,000 


122,000 


1309 


79 53 




J.08J 


3.31s 


3)."o 


64,000 


iiS-ooo 


»i S3 


74.70 




1 ^.69S 


3.089 


JO 000 


62.000 


109.000 


.8.86 


66,30 




i.4t4 


2.783 


28.000 


60.000 


103.00a 


18.24 


67. .0 




1.J05 


2.434 


iS.ooo 


56.000 


98000 


■ 8.87 


7396 




H '766 


2,019 


20,190 


51.000 


91,000 


.8,5 


8J.35 




■J t,517 


'.754 


17.540 


49.000 


87.000 


14 i7 


6206 






1,300 


.8,, 50 




83,000 


11 43 


5502 




H 794 


925 


13.000 


34. "oo 


78.000 


12. .»8 


7791 




n ^" 


5B2 


5.«io 


32.000 


74.00D 


a. 66 


7360 


1 










J 
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The amount of sewage to be provided for in the Sepa- 
rate System is an important question, and with published 
statistics showing" a variation more than ten fold between 
maximum and minimum in water consumption for different 
cities, the eng^ineer who essays to foretell what amount will 
reach the sewers, should carefully investig*ate the local con- 
ditions. 

Sewer Gaugings. — Exact measurements of the flow of 
house sewag"e for any considerable period are not accessible, 
if they have ever been made, and, consequently we cannot 
use them as a basis in determining the fluctuations in sewage 
flow, or the ratio of maximum to mean discharge. 

A limited number of gaugings have, however, been made 
with the purpose of determining the maximum rate of flow 
per capita in certain cases, and an account of some of them 
appears in a report to the National Board of Health, bv G. E. 
Waring, Jr. 

The most complete statistics recorded are those of 
gaugings made under the direction of Robert Moore, Esq., 
Civil Engineer, Commissioner of Sewers of St. Louis. The 
following is an abstract from the report: 

"The sewer drains .in area containing 1.370 houses, occupied by a popula- 
tion of S.joo The total number of water taps was 1.390. The diagrams show 
gaugings taken every hour from 6 p. m. Monday, March 15 to eleven a. m.. 
March lO. ami from S a m . March n). to S a m.. March 23. These gaugings 
are averageil to make a /i/^i<«f/ day. in which, b^inning at midnight with a flow 
of 75 3i cubic ft^t i>er minute the flow was reduced to 70.26 cubic feet per min- 
ute at (> N M . 130 ih cubic feet (^r minute at 11 a. m.. 123.86 cubic feet per 
minute at 3 )' M . and steadily declineii from this time until midnight, when 
the tUnv Nsas 75 is cubic ft»et j>er minute rhe sewer is seven feet, three inches 
m diameiei It was obstructed by a dam. into which was buih a twelve inch 
\itritie\l s«"v\t*v pip«*. which wa^ continued for a length of twenty feet. The 
<aui;injiN we: c t.iken siu\ultant\>usly at three ditferent points, the average of 
these l>eiiK :he .issunuxl vlepih through the iwentx feet of twelve inch pipe." 

Tho u>lb»\viiii: is a oondonsod tabular statement of the 
tcsvilts obtaitioiU a>i ^tatoil in iho rojH^rt: 
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DATA 


DEDUCTIONS. 


^ 


H 


.B 


J 




£& 


,S 


VrtoeijjinFeot 


gp 


if 


^ 


!.' 


.5 


li 


1 










Si 
1 

Harcb ij-iO 






































n 


li 


a 


_^B. 




M 


1 


J 


1 


■c 


" 








'^ 


< 




■iSlI 






43-39 


4356 


1.4" 




4.69 


"9 


144. Q9 


.5J41 


77.64 


iqa, 


114.30 




V6s 


4 41 


5.17 




131 34 


SM-t 


67.06 


3751 




45 >9 


S41 


4 '*> 


4 94 




U3 79 


5'77 


68. SB 


.3SM 


96,49 


.4»98 


,.8b 




49) 




113.37 




6954 






445' 


^•S4 


4-''l 


5.oi 


33 


118.79 


4701 


73.95 


.37='S 


79-74 


.3940 




447 


461 


Typical Da)-, or avsTage 


of March 


















100.22 


,4410 


S.86 


4.16 


499 














Number of houses conoected with the sewer. , 

Populaliou 

Number of walar taps 

Cubic feel of sewage discharged per capita in I 

four hours 17 60 

Upon the foregoing- statistics, the following' comment is 
made in the rejKirt: 

"A compulation of the amount of flow 95 com pa ted with llie population 
makes it evideot thai the sewer must have received a very large amouut of 
ground waler. foe the total flow (over 1,000.000 gallons per day) amounted to 
more Iban 130 gallons for each member of the population, which, in a district 
having oniy about one water lap to each bouse, would be ao impossible amoilDl. 
ll is usual to estimate 3 maiimum daily use for domestic purposes of abont 
thirty-thtee gallons per head of population. Deciding ibe total How by ihis 
amouni, we might assume thai the twelve inch pipe in this iuslance, carrying, 
at its maximum, less than seven inches in depth of water, was doing the amoual 
of work that would be required for carrying the sewage only of a population of 
30.000, supposing the sewers to be absolutely tight, so that ouly household 
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wastes should enter them. This last example is, from its extent, and from the 
minuteness with which its details are worked out, the most important of the 
series. It seems to me to furnish a conclusive argument — an argument fully 
sustained by all of the other gaugings — in favor of the safety of depending upon 
very small conduits for the removal of the dry weather flow of sewage of cities 
and towns. It shows conclusively that the commission of the National Board 
of Health, which recommended the system carried out in Memphis — lateral 
sewers six inches in diameter, main outlet twenty inches in diameter — for a 
prospective population of 60,000, provided a wide margin for contingencies." 

Some of the conclusions drawn above are not justified by 
recent experience, and do not seem to be supported by the 
statistics of water consumption or by other g-augcing^ on 
which they are predicated. 

The statistics of water consumption in St. Louis show 
an average per diem consumption for each tap of 1,177 gal- 
lons for the entire city. Assuming the territory tributary 
to the sewer in which these gaugings were taken to repre- 
sent an average consumption for the city, the volume of sew- 
age as found, 17.60 cubic feet, or 131.6 gallons per diem per 
capita, represents a trifle less than two-thirds the total aver- 
age water consumption for the territory tributary to the 
sewer. The diversion of more than one-third of the total 
water supply from the sewers, at the season at which these 
gaugings were made, would in many cases, cause a public 
nuisance.^ 

If the assumption of thirty-three gallons per diem per 
capita be properly founded on the observations made, it 
must be from some known local condition and not solely on 
the statistics as given, which are not wideh' at variance with 
similar observations made at points where it is known there 
can be no infiltration of sub-soil water. 

The results of other investigations published in the 
report are not reduced to gallons per diem per capita, but, 
for the purpose of more readily comparing them with the 
g^augings made at St. Louis and elsewhere, the following 
table has been compiled from computations based upon the 
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Idimensioas and measurements g^iven in the report. The 
Iresults were obtained by (frapbical methods; but are intend- 
n«d to be closeh" approximate. 

he gauging-s were ordinarily taken by inserting" a pipe 
f smaller diameter in the sewers, through which the flow 
Was directed and in which its depth was measured. The 
precise manner in which these smaller pipes were placed is 
lot stated in every ciise. but. as the object of the gaugings 
was to "determine the actual pipe capacity required" in the 
^several cases, it seems proper to assume that they were so 
placed iis to secure results identical with those if the entire 
sewer had been of an equal diameter. This is assumed in 
the computations made. 

The gaugings of the College street sewer at Burlington. 

K"Vt., were taken at intervals of fifteen minutes from TMO a. m. 

|tO 10;.30 A. M. The district which it drains contains eighty- 

ive houses, of which fifty-four are connected with the sewer, 

s population tributary to the sewer embraces 3d5. There 

'ere two equal maxima in the flow, one occurring at 7:45 

. M,, and the other at !' a. m. The mean rate of discharge in 

Itfais case does not represent the mean daily rate, but the 

mean rate during the time the gaugings were taken — 7:45 

. to 'J -A. M. 
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The following: 's an account of the g'auging-s taken in the 
Uemphis main sewer by C. H. Latrobe, C. E., and is quoted 
Ifrom his report to the Mayor and City Council of Baltimore; 

"By gauging^ laken at ihe head oF the iwetiiy-iacb main I found ibe 
hourly flow of sewage to be remarkably uaiCorrn. Thus, from six a. m. till one 
n. M, Ihe fDl[(iwing roorning. a period of twenty hourii. the flow oscillated id 
centre depth from twelve and one-half to fourteen and one^half inches, the 
minimum area of flow being ia6 ; square inches; the maximum 245 7) square 
inches. From one a. h till 5 a m., a period of four hours, the centre depth of 
flow varied from eight and one-hall inches 10 eleven and one-half intbes, mini- 
mum area being 107 6 square inches, maximum area, 1S6.9 square inches. 
Taking the twenty-lour hours, the minimum flow is 43.7 per cent of the mai 
tmom: taking Ihe Iwenly-four hours of greatest t!ow, the minimum is S4 pa 
cent of the maiimum and eight-ninths of the daily Al'W of sewage passed i 
twenty hours, one-ninlh in lour hours. This marked uniformity of flow dnrini 



»cnly hours of the day, and its 1 
^what influenced by the s 
sbarge in small groups. • • • 
1 thoroughly drained (as (ar a: 



This marked u 
K:i Hating character within such li 
lion of Ibe flush-tanks, which probably dis- 
Tbe accompanying system of tile drains has 
I know) ihe very tenadous sub-soil of the 



ir during severe w 
'enl freezing. Di 



e Memphis system are; 

e mains to accommodate the excessive use 
:rs, when people allow spigots to run all the 
1! the winter just ended Major Humph] 
s that "It kHnitrid g.ilUris pet capita per day were oflen used, which 
be mains to run full bore and occasioned a backing up of the lewagc 
:r parts of the city. This fault, of course, was not incident at all lo 
fitem. but was an nversight in proporlioning Ihe mains, and would not be fell 
ing an ordinary winter." 
Since in the case of Memphis special provision was made 
ibr the removal of the sub-soil water by separate channels, it 
t improbable that the flow of the sewers proper was aug- 
mented by it. 

It must be borne in mind that these g^ugings were made 
before the completion of the system at Memphis, and repre- 
lent the discharge from but a limited portion of the territory 
■pon which the per capita discharge is based, there being at 
^at time but twenty miles of the system complete. It has 
ace been extended to about forty miles. On the other 
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hand, the introduction of the system into the houses was so 
general and prompt, that it is probable the territory sewered 
reached more nearly its maximum rate of discbarg-e within 
the short time intervening between its completion and the 
time at which the gaugings were taken than would ordinarily 
be the case. 

The maximum rate of sewage discharge, then, as shown 
in Table XII (eighty gallons per diem per capita), should 
properly be based on a much smaller population than 35,000. 
(The total population of the city, as given in the census of 
1880, is but 33,590.) No means of determining the popula- 
tion occupying the territory actually tributary to this twenty 
miles of sewers are at hand, but it has been estimated at 
20,000. Upon this basis the maximum rate of discharge of 
eighty gallons, as shown in the table, becomes 140 gallons. 

The population actually tributary to the Compton 
Avenue sewer at St. Louis is not stated. If, in the case of 
the gaugings made in this sewer on Saturday, March 20, it be 
assumed that at the time of minimum flow, the entire volume 
discharged was sub-soil water (which is certainly not a 
proper assumption, since at no time during the twenty-four 
hours is the discharge of house sewage in a system of any 
extent wholly arrested), and its total amount at this assumed 
rate for the twenty-four hours be deducted from the dis- 
charge as shown by the gaugings, the volume of discharge 
remaining aggregates 43.4 gallons per diem per capita. 

Again, if we assume the hourly variations of flow, as 
determined by the gaugings taken at Memphis, to be a 
proper range for St. Louis, or, in other words, assume that 
the ratio of minimum and maximum discharge of house seiv- 
age only, in the two cities is the same, we can determine the 
amount of sub-soil water and eliminate it. A computation 
made on this assumption gives us in St. Louis, for the dis- 
charge of house sewage only, when based on the total popu- 
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lation occupying: the territory, minimum, t>5 gallons; mean, 
Vy2 gallons; maximum. 149 gallons per diem per capita. 

The gaugings made at the Compton Avenue sewer, St. 
Liouis, cover the entire twenty-four hours. They are illus- 
trated graphically in the diagrams on page 87, taken 
from the report. 

liaugings were made of the flow of the Water Street 
Main in Kalama;;oo, Mich., on March i*, 1885, as follows: 

TABLE XIII. 



TlHt. 


H 

K 
ij 






I :: 

9 [[ 


»33 
HZ 

^s 

i 

273 

287 

% 

»57 
=55 
»S5 
'Si 
250 


Minimum 
Manimum 


Average discharge per rain- 


Maiimum discharge per 


Minimum discharge per 


Percentage Relslion of Maximum and 

Minimum Discharge to Mean 

Discharge. 

Minimum discharge 88 

Mean discharge lOo 

Maximum discbarge , , .. 11] 



9<) THE SEPAHATE SYSTKM OF SEWERAGE. 

These g'aug'ings at Kalamazoo were made by weir meas- 
urement in the manner illustrated in Fig*. 1. 

The weir is made of galvanized sheet iron of the ordi- 
nary weig-ht, rolled up in the form of a funnel, and riveted or 
lapped and soldered, its smaller end being sliffhtly smaller 
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Fig. 1. 
in diameter than the sewer in which it is to be inserted. 
The larger end is out off at rij^ht ani^lcs to the side which is 
to lie in the bottom of the man-hole, and on this is fastened 
an end, having cut in it the notch forminj,^ the weir, as shown 
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nt b. The weir should stand sufficiently above the man-hole 
to counteract the effect of velocity of entry, and to give a 
t ree ruu to the sewage. The depth of discharge over the weir 
is measured by a thin, graduated strip, on which travels 
a block having a level attached fur bringing the scale into 
a vertical position, and the point of contact with the surface 
of the water level with the index or point of reading at d. 
Still more accurate results might be had by taking the meas- 
urement from some fixed point above the weir, but in ordi- 
nary cases the method detailed above will be sufficiently 
accurate. 

The weir is easily transferred from one point to another, 
and is quickly set, requiring but a piece of cloth wrapped 
around the lower part, when it can be crowded into the lower 
branch of a man-hole, where its flexibility insures a perfect 
tit. and the pressure of water from above keeps it to its 
place. It is also very convenient in use, the observation 
being taken from above, where the peculiar light makes the 
least ripple of water against the point e. and the position of 
the level bubble plainly distinguishable. 

The method of observing the depth of flow in the sewer 
proper and computing from these data the discharge by for- 
mula or tables, though frequently used, is liable to error. 
The slightest obstruction below the point of observation 
increases the observed depth, and, consequently, gives 
results too high, since the diminished velocity at the point of 
observation is hot noted, A slight increase of flatness in the 
grade at the point at which the observations are taken, below 
the grade at which the sewer may have been laid originally, 
has the sa«ne effect, as also the depression of a single joint or 
section of pipe. Opposite conditions, by increasing the 
velocity or by raising the measuring scale, will give results 
too low, 
^ In the case of pipes of smaller diameter inserted in 
HBrg^et* sewers, there are also difficulties in the wav of secur- 
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ing" correct results. The following" gaugings, made at Mil- 
waukee, will illustrate this point. They were made under 
the direction of G. E. Waring, by A. H. Scott, C. E., for the 
Nationar Board of Health, and a statement of them appears 
in the report of 1880. They were made in this way for a 
particular object: 

' 'Formulae in use among engineers would lead ns to substantially the same 
result with actual gaugings, but their educational effect would be less marked, 
because calculations based upon scientific formulae are less readily compre- 
hended by the average municipal ruler. ♦ ♦ ♦ 

"The grade of the sewer at the point where the gaugiogs were taken is 
about I in 400. The greatest flow in the main sewer on 'washing day' — the 
greatest flow of the week — attained a depth of six inches, the diameter of the 
sewer being forty-two inches. The channel being reduced to a diameter of ten 
inches, the greatest depth of flow was 4.5 inches. Reduced to a diameter of 
eight inches, the depth remained the same — 4.5. Reduced to a diameter of six 
inches, it reached a depth of 5.5 inches. The influence on the velocity of the 
stream by increasing its hydraulic mean depth is illustrated by the following 
figures : 

"Forty-two inch sewer, six inches deep; 

cross section of stream 121 3 square inches. 

Ten inch sewer, 4.5 inches deep; cross 

section of stream 33.1 square inches. 

Eight inch sewer, 4.5 inches deep; cross 

section of stream 27. 7 square inches. 

Six inch sewer. 5,5 inches deep; cross 

section of stream 27.14 square inches: " 

These fig-ures illustrate very forcibly the superior 
cleansing- effect of sewers discharg-ing- half full or more. 
They also illustrate the difficulty in securing- uniform 
results previously cited, as shown by the following- computa- 
tions. The volume discharged in each case is stated as the 
same. The computed discharge is, approximately, as fol- 
lows, leaving out of consideration the fortv-two inch sewer: 



QUANTITY OF SEWAGE. 



Diameter. 


Depth. 


Discharge in Cubic Ft 


10 inches. 

5 inches. 

6 incbes. 


4.5 inches. 
4.5 inches. 
5.5 inches. 


30.4fi 
23.06 
17.48 



The inaccuracies of this manner of measuring- flow 
become alill more apparent as the depth of flow becomes less 
in proportion to the diameter of sewer. 

From the statistics of water consumption in the preced- 
ing' pages, we mar conclude that the discharj^e of house 
serfage, at its maximum hourly flow during the year, is 
approximately twice the mean discharge. 

The records of -sewage discharge show a variation dur- 
ing single days covered by the observations of thirty, forty, 
and in the case of the Compton Avenue sewer at St. Louis, 
on March 15 and Ifi, of nearly seventy per cent, above the 
mean daily rate. Observations covering a longer period and 
varying conditions of temperature would, undoubtedly, indi- 
cate a still greater maximum rate of discharge. 

Subsoil Water. ^The probable amount of subsoil water 
sometimes requires consideration in proportioning the sizes 
of sewers. This is a most difficult factor to determine. 
Although an effort should be made to lay the pipes with 
water tight joints, the trenching is sometimes so difScult 
that it seems well nigh impossible to do so and instances are 
on record where the ground water found its way into the 
pipes through imperfect joints to such a degree as to occupy 
nearly the capacity of the sewers before any sewage had 
been admitted to them. 

In some instances it is desirable to discharge subsoil 
drains, laid parallel with the sewers, into the sewers proper 
at a lower level and when this is done a judicious allowance 
for subsoil water is particularly important 
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CHAPTER VI. 

LAWS OF FLOW IN SEWERS. 

• 

A circular sewer reaches its greatest capacity of dis- 
charge when its depth of flow is about .933 of its diameter, 
being at this point nearly eleven per cent, in excess of that 
attained when running full. When the depth of flow is half 
the diameter, the velocity is equal to tha,t when the sewer is 
running full and not under pressure. 

Circular sewers should be so proportioned as to size, 
throughout the system, that the depth of the ordinary daily 
flow will be sufficient to induce a fair velocity, and prevent 
deposits. 

The transporting power of circular sewers of small 
diameter is dependent on the depth of flow in a great meas- 
ure, as well as on grade and velocity. A stream having a 
depth of flow suflicient to immerse solid matter held in sus- 
pension, to a certain extent lifts it and carries it forward. 
The entire surface is also exposed to the action of the cur- 
rent. A stream having an equal velocity but a less depth in 
proportion tt) the diameter of the solid matters to be trans- 
ported, evidently has less transporting power. As an illus- 
tratii)n, a stream can be easily forded when its depth is 
below a man*s waist, while the same stream in deeper water, 
even tlu>ugh the velocity be less, will carry a person down 
stream. 

Effect of Increasing Size.- An amount of sewag-e which 
can be properly transported by a circular sewer of a given 
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size, cannut be as efficiently transported by one of larger 
diameter, as the following comparison will show: If we 
assume the contents of a sewer of six inches in diameter, laid 
al a grade of .5 per hundred, and discharging half full, to be 
diverted to sewers of eight, ten, twelve and fifteen inches in 
diameter respectively, and laid at the same grade, the follow- 
ing depth and velocities will be attained theoretically: 

TABLE XIV. 



SEWER, 


Depth of Flow. 


Velocity in Feet 
per Minnie 


Cubic Feel per 
Minute 


6 inch sewer. 

S " 

■ 5 ■■ 


3-00 iacbes. 

;:S :: 

1,03 ■■ 

.75 •' 


"47 


14.40 
1440 
1440 
14.40 
14.40 



From the above comparison we see that, treated purely 
as a problem in hydraulics, both the velocity and depth, each 
of which is a factor in the transporting power of the sewer, 
and, consequently in a degree, a measure of its effectiveness, 
decrease as the size of pipe is increased. Like results have 
been shown practically in many cases, by the substitution of 
lateral sewers of smaller diameter in place of those which 
have not had depth of flow sufficient to be self-cleansing. 

It should be borne in mind, however, that while the 
above reasoning is entirely pertinent as applied to the treat- 
ment of a liquid that sewers are liable to be the receptacles 
of a certain amount of solid and refuse matter which some- 
what modifies the above conclusions in some instances. 

The most perfect working of the house sewers demands 
that they have a free out-fall into the lateral, as shown by the 
section in Plate I. A majority of the stoppages in house 
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sewers occur at their entrance into the laterals and mains, 
and if the flow in the laterals and mains be deep enough to 
seal the outlet of the house sewers, the discharg-e of floating 
paper, etc., is arrested, and the diflSiculty at this point very 
much aggravated. Good ventilation also demands a free 
passage of air currents through every part of the mains, 
laterals and house drains. The connection of the house 
sewer with the street sewer is ordinarily and properly made 
with the common Y branch, elevated, as shown by section in 
Plate I. It is not made right and left hand, and when laid 
the sewer cannot be charged more than half bore without 
setting up into the house drain. The ordinary daily flow, 
then, for the reasons stated, and for other pertinent reasons 
that will appear later, should be accommodated below the 
horizontal diameter. An occasional extreme discharge of 
short duration^ reaching the full capacity of the sewer, will be 
beneficial rather than otherwise. 
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Effect of Hydraulic Mean Radius. — The comparative 
velocity and discharge of circular sewers when running at 
different depths, is well illustrated by the following table: 
TABLE XV, 



[The deplh of flow ia expressed in terms of the diameler. The velocit; 
and discharge are expressed ia terms of Ihe velocity aod discharge when Ihe 
sewer is raDDiog iull, or when depth— i] 



Deplh ot Flow. 


v.,„„. 


Di„.„.. 


,067 


4M 


,0119 




^498 




■465 


602 


,0548 




694J 


.09S9 


.150 


.7698 


'497 


.300 


-8110 


.2072 


4«> 


.■3164 


3457 


-JOB 




JOOD 


,600 


I 0534 


6598 


700 


1.0932 


8.74 


,750 


.0984 


88 j6 


-800 


J. 1038 


945S 


8535 




1 ooog 


,900 


1 0918 


1,0351 


933 


10794 


'"479 


1 000 


l.OWJO 


r 0000 



If from the above table we construct the curves of velo- 
city and discharge by laying off the depth of flow and the 
velocity and discharge as co-ordinates, the effect of the 
respective depths of flow upon velocity and discharge will be 
Store apparent to the eye. 
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Computation of Discharge and Velocity for any Diameter 
and any Depth of Flow. — The liia^ram alTortIa a very con- 
venient and closely ajiproximate method of computing the 
discbarge of any circuliir sewer discharging at any depth. 

Nearly all hydraulic tables bearing on this subject are 
computed to give the discharge of sewers running full bore, 
A few give the discharge when flowing one-quarter, one- 
third, tine-half, two-thirds or three-quarters full. This is 
about as wide a range as can be covered without making the 
tables too bulky for convenience. 

The discharge of a circular sewer of any size and grade, 
and flowing at any depth, can be determined from the dia- 
gram, as follows: 

Divide the depth of flow by the diameter, and from the 
fractional depth on the vertical diameter thus indicated draw 
(by the eye) a horizontal line, intersecting the curve of dis- 
charge, and from its point of intersection a vertical to the 
base. The percentage thus determined on the base, will be 

Ie relation of the discharge required to the discharge of the 
wer when running full, which can be taken from the table 
Tracing a horizontal line from Ai(\ on the vertical diam- 
eter to its intersection with the curve of discharg-e, we read 
from the scale below .36. The discharge is thirty-six per 

cent, of that if the sewer were running full. From Baldwin 

|»tham's Tables we see discharge whc-n running fu]l = Ui7,'2 



Given, 



Diameter of sewer=I2 inches. 



Grade 

Depth of flow 
Required the discharge. 
Solution : 

h 

— = .41H. 



= 1 inii(H). 
= 5 inches. 
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cubic feet per minute. 167.2 X. 36=60.192 cubic feet per 
minute, which is the required discharg-e. 

The velocity of any circular sewer, flowing- at an}*^ depth, 
can be ascertained from the diagram in the same way. The 
diagram has been carefully reduced to scale of one-half inch 
horizontal and one-fourth inch vertical, to facilitate calcula- 
tions of this kind, and the fractional divisions can be read by 
applyingr an ordinary eng'ineer's scale. 

It is probable that neither the velocity nor discharge of 
sewers, whose depth of flow is but a small percentage of 
their diameters, attain in practice the value theory ascribes 
to them, since the solid matter held in suspension in all sew- 
age becomes partially stranded, or is not lifted clear of the 
invert of the sewer, and the co-efficients of resistance 
appearing in the formula, being applicable to a liquid only* 
give results too great. 

Velocity Required to Prevent Deposit. — The velocity 
necessary to prevent deposit in sewers is variously esti- 
mated at from one to three feet per second by different 
authorities. Biildwin Latham states that he has found that, 
in order to prevent deposits in small, circular sewers, such 
as those of six-inch and nine-inch diameter, a velocity of not 
less tluin three feet per second should be produced. Sewers 
from twelve to twenty-four inches in diameter should have a 
velocity not less than '2 '4 feet per second, and sewers of 
larg-er diameter should in no case have a less velocity than 
two feet per second. The minimum inclination securing 
these velocities in the several cases, assuming the sewers to 
run half full, or full, is: 

()-inch pipe 1 in 14l^-.704 per 100 

l)-inch pipe I in L^(i:{ -=.4t>4 par 100 

l:^-inch pipe 1 in as:) - .'jr)0 per 100 

*J4-inch pipe 1 in TTo --. lii!^ per 100 
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The minimum velocity recommended by several author- 
as follows: 

Baldwin Latham... ^ to 3 feet per second. 

Beardmore '2'i to 3 feet per second. 

J. Phillips y?i to 3 feet per second, 

Rankin 1 to 4 feet per second. 

J, W, Adams 2}-2 to 3 feet per second. 

Philbrick 2!i to 3 feet per second. 

(icrhard ii to 3 feet per second. 

While in extreme cases sewers may be laid at an inclina- 
tion inducing only a velocity of two feet per second, with 
reasonable expectation of their serving- a g'ood purpose, it 
cannot be denied that they are less satisfactory in their 
workings, and require more care in their maintenance, 
especially in the upper levels of the system, where the vol- 

re of sewage is less constant. 
Effect of Decreasing Quantity of Sewage.— It must be 
■borne in mind that the flow decreases in volume in arithmet- 
ical ratio as we ascend the sewer, becoming zero at the sum- 
mit. In illustration: If we assume a sis-inch sewer 4,000 
Reet long, with a grade of .48 per 100, to have a tributary pop- 
ilktion for each IDO feet of its length of fifty persons, and 
fech person to contribute lifty gallons per day of sewage, to 
be discharged in sixteen hours, with the sewer running half 
full, the computed maximum velocity at its lowest level, 
becomes approximately, 144 feet per minute. The volume 
of sewage, however, at distances of 250, 500, 1,0(MI, 2,000 and 
3,0<K) feet from its summit, is but Hn, % X, M and ^ of that 
at the point where it is running half full, and, by computa- 
Kpn, supposing the sewer laid at a uniform grade, the tbeo- 
^Ktical velocities at these points become, approximately, as 
dlows: 
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Distance 


... 250ft. 


Velocity . . 


. . 73.4 ft. per min. 




. . . 500 " 




..89. 




...1000 *' 




..105.11 




..2000 '* 




..124.42 " 




..3000 *' 




. . 135.88 " 




...4000 '' 




..144. 



Or, assuming- the inclination to be increased as we 
approach the summit, so that the velocity shall be main- 
tained at the uniform rate of 144 feet per minute, the inclina- 
tion at the several points, theoretically, becomes about as 
follows: 

DISTANCE. INCLINATION. 

250 feet 1 in 58.8= 1.700 per 100 

500 ** 1 " 85. = 1.176 *' 100 

1000 *' 1 " 113.3= .870 " 100 

2(X)0 ** 1 " 158. = .632 ** 100 

3000 " 1 '* 185. = .540 '* 100 

4000 ** 1 ** 208. = .480 ** 100 

These figures very plainly illustrate what is so often 
observed in practice, and explain the frequency of stoppag*es 
in the higher levels of a system of sewers. They also illus- 
trate the great benefit to be derived from the use of auto- 
matic flushing tanks at dead ends, by which the sewer is 
intermittently filled to a fair working capacity, and its 
stranded contents swept on to the mains before they have 
accumulated to a degree interfering with the working of the 
sewer. Flushing tanks at dead ends so surely counteract 
the defects above stated, that lateral sewers, to which they 
arc applied may be designed with uniform inclination 
throughout. 

The grade of streets frequently prevents the inclination 
of sewers being increased to the proper degree toward the 
summits, and in this case flushing is indispensible. 
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Minimum Velocity, — Six-inch lateral sewers laid at a 
grade of A per Hll> (1 in 250) are fairly satisfactory in their 
working's, when supplied with automatic Bushing tanks. 
R The theoretical velocity in this case is ISl feet per minute 
j^Klien running- half full. There is a marked difference 
^^Bbserved, however, when the inclinatiua is increased to .5 
j^^er HKI, and the velocity to 147 feet per minute, especially 
II during that portion of the day when the sewer is discharging 
below its average rate. Sewers of this diameter and grade 
are uniformly found in good condition when properly con- 
structed and maintained; and, unless there is good reason to 
pe contrary, the inclination should be sutGcient to secure 
velocity. The velocity in sewers of larger diameter 
may be somewhat less, as being ordinarily mains, their flow 
is more constant, and, having a greater actual depth of How, 
suspi;nded matters are wholly immersed and lose weight in 
a greater degree, and, consequently, are transported at a 
lower velocity. 

Unless special means are taken to prevent deposit, the 
following may be taken as minimum velocities in circular 
pipe sewers: 

TABLE XVI, 



are 
is 



VI«J« 


■M VBUOOTllS A 


Nil (iRAOHS IN Cl.CltLAR 


SB 


WEBS 






Theoretical loclinalic 


□ when depth of 




Vdociir in 


Flow Equals Oae-H 


If the Diameler. 


Dianwierol 


Fer. per 
Muuie. 


















ITRACTIONAL 




PER 100. 


6 




I in 200 










I ■' 180 




.J37I 


\l 


141. 5 
.3a 


T ■■ 360 
I ■■ 450 

1 ■■ 600 




3"3 

■2777 

!l666 




I2C) 


. ■■ 760 
I ■' 890 
I '• t.160 




'J'5 

1123 

0S63 



106 thp: separate system of sewerage. 

Main outlet sewers lying- beyond the point where houses 
are connected with the sewers, and which may safely work 
under light pressure at times, may have a lower inclinatioa. 

Where it is impossible to secure the g-rades above g'iven, 
special precaution should be taken to keep the sewers free. 
Low g'rades have been adopted in many cases as a choice of 
evils, and by special precautions have been made to serve a 
g-ood purpose. The following" are examples: 

"At Wave Crest, Rockaway, L. I., a four-inch sewer has been laid across 
a salt marsh for a distance of 2,800 feet. This small pipe is nearly level, the 
total fall being only three inches; yet, during the nine years in which it has 
been in use no stoppages have occurred, and no trouble of any sort has been 
met with. There are twenty-three houses on this line of pipe, most of which 
have their water-closets and one or two bath tubs. A flash tank at the end of 
the line of pipe is supplied by means of a windmill." — Andrews tn N. Y. StaU 
Hoard of Health. 

Undoubtedly, from the facts above g'iven, the lower 
levels of this sewer work under a head, at least during' por- 
tions of the time, and the velocity is induced, not by the fall 
divided by the leng-th ( \ll^\ but by a certain head g^reater 
than .L*r> divided by the louiifth. 

A main sower in Kalamazix), Mich., has a fall of but 1 in 
l/JOO for a distance of 7,4(H) feet. The lower 5,000 feet of this 
soNvor is twelve inches in diameter, and the upper 2,400 feet 
is ton inches in dianiolor. The discharg-e is ordinarily at a 
ratv^ i»l about -^0 oalK>ns per minute at its maximum, as 
taken by woir uieasuronient. Theoretically, this should till 
the iwv Ivv^-iuvh pipe alu>ut half of its vertical diameter, and 
the ion-inch pipe about i\Vi>-lhirds i^f its vertical diameter. 
AviiiallN iho >o\\or is otion full noar'.y to its crown. 

Thiv ^owor has boon in ij>o sixtovn years, and there has 
bvon nv^ scr'.vHis dit^ivu'.ty. riuro :'^ a tendency toward 
vlv iv^^'.:^. hv»\\o\o:\ Siit as t!u' >o\\^r !:.is tow connections on 
♦'>:-- :v*' v^r. ^^* -t^ 'oiii:tl\ ap.\ tv :'.o.< r.. \ •>! this kind resulting^ 
.1: vlvv'.vw^vvi ^oo:..^:\r. a'\a v, :v :'^ sewage back until the 
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head thufi g'ained induces a velocity which effectively 
removes all deposits. 

Neither of thesi; cases thi.'n, can be considered as war- 
rrtntiiiff lis in adopting these grades for a sewer which is to 
be tapped throughout its lengrth by ^ouse branches, and 
\vhi>se crown should have air space for ventilation. 

If we assume a minimum velocity of 180 feet per minute 
ii^r house drains, the theoretical inclination under the above 
supposition irunninjr half full) would be one in ninety-two 
tor a four-inch sewer. A sewer of this diameter and grade, 
running' half full, would discharge 7.S5 cubic feet per min- 
ute. If we assume it to be used by a family of six persons, 
using 75 gallons per head per diem, the total per diem dis- 
charge becomes 450 gallons. Assuming the maximum rate 
of discharge at 150 per cent, of the mean rate, the maximum 
discbarge becomes .0624 cubic feet per minute, or only 
eight-tenths of one per cent, of the volume necessary to 
secure the assumed velocity of IKO feet per minute at the 
L;nide of 1 in i*'2. The assumed velocity would only be 
reached in the case of a four-inch pipe, laid at a grade of 1 io 
;>:', as assumed above, by increasing the number of users 
from 6 to 750. 

The actual maximum velocity obtained in the sewer 
when used by six persons, as above, is somewhat less than .3 
its velocity when running half full, or 54 feet per minute. 

It is evident that in ordinary cases a grade of 1 in 'J'2 in 
house drains will not be sufficient to prevent the stranding 
'■1 solid matters. P'our-inch house sewers should have a 
<:rade of 1 in tiu, at least, and ordinarily of 1 in 4S, and unless 
this can be obtained special precautions should be taken 
against stoppage. It is evident from an inspection of Table 
XIV that a sewer of six inches in diameter laid at the same 
apida, though having a greater velocity when working up to 
B capacity, would in thrs case, where the volume of t^ow is 
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limited, g-ive results inferior to a 4-inch sewer so far as the 
prompt removal of sewag*e is concerned. 

Graphical Solution. — A g-raphical indication of the rela- 
tions of the extent of the system, tributary population, dis- 
charg-e, inclination and velocity, thoug-h giving* but approxi- 
mate results, is much more convenient in use than the mast 
extended tables. It makes the relation of the several factors 
more apparent to the eye, and assists in g'iving* the system a 
proper balance. It is sufficiently accurate for all ordinary 
computations. 

A diag'ram showing" at a g'lance the relation of these fac- 
tors, and by which may be solved g-raphically and in their 
proper order, the problems presented will be found on oppo- 
site page. 

The diag'ram is based upon the supposition that the 
depth of flow equals one-half the diameter at the time of aver- 
age maximum daily flow, which is assumed at 1^0 per cent 
of the mean daily flow for the twenty-four hours, -or, a maxi- 
mum rate of discharg"e equal to the discharg'e of the sewage 
of twenty-four hours in sixteen hours. 

This relative maximum rate, thoug'h somewhat below 
that assumed hv some authorities, will seldom be exceeded 
in American cities, where water is freely used, and where 
the waste, which is less intermittingly discharg-ed than 
water leg*itimately used, is a larg-e proportion of the sewag"e. 

Tlie ft)llo\vin«^ table exhibits approximately the maxi- 
mum rate in several cases, expressed in terms of the time 
required for the discharj^-e of twenty-four hours' sewage: 
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crown of the sewer and the flow from tributary house drains, 
prevent the stream from reaching its theoretical velocity. 

While the margin allowed by the above supposition for 
extraordinary conditions is but about fifty per cent, of the 
greatest anticipated flow, it will, except in extreme cases, be 
found ample. It should not be increased without reason, as 
this will impair the eflSciency and cleanliness of the system 
during the ordinary use. 

The diagram is based upon the tables of Baldwin 
Latham and the formula of Ganguillet and Kutter. The 
curves in black being computed from the formula of Weis- 
bach. 



s^2gh (Eq. 2) 



\ 



d 

in which ^ = head. 

/^length of pipe in feet. 

t/= diameter of pipe in feet. 

2^ = velocity in feet per second, when running fuller 

half full. 

r= coefficient of friction in pipe. 

^=: coefficient t)f resistance for entrance. 

.OKV.VJl 
r=.0148tfH 

c is assumed at an average of .505. 

The coefficient of resistance for entrance {e) is not appli- 
cable to continuous, long pipes, fed at various points 
throughout their length. As it is usual, however, to place 
man-holes at intervals along the sewer, the coefficient may 
properly be considered. 

The curves in red are computed from the formula of 
Ganguillet and Kutter. 
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■002807 
S t 



' y+ui.m+im^). 



^//fS= C^RS 



S v*^' 

in which i*=raean velocity in feet per second, 
C=coefficieiit of mean velocity. 
.S"=sine of slope, 
/?— hydraulic mean radius. 

« = the degree of roughness of the sides of the con- 
duit, determined by experiment. 
In computing the diagram the value of « is taken as .013. 
It is probable that this value of « though somewhat above 
the values of h as computed from gaugings uf pipes under 
favorable conditions is a fair value for sewers having 
branches at intervals which considerably interfere with the 

) continuity of the current. 
f The formula of Gangulllet and Kuttcr was elaborated 
n-om gaugings made in open channels. 
I It is, however, undoubtedly applicable to a wider range 
pf work than any of the older formulas and is fairly satisfac- 
|ory when applied to sewers of small size. 
In order to properly apply the formula it is necessary to 
know the value of ii where similar physical conditions prevail 
and in order to extend the usefulness of the formula as 
applied to sewers the following table is extracted from a 
pirger table given in the translation of the "Flow of Water in 
Rivers and other Channels — Ganguillet and Kutter," by 
Rudolph Hering and J. C. Trautwine, Jr. From the table 
for conditions similar to those for the work in 
knd can be determined. 

It is to be hoped that in the near future gaugings of pipe 
Bwers will be extended so that results may be tabulated 
■ore closely applicable to work of this class. 

The following extracts from the work of Ganguillet and 
utter are given for the purpose of throwing more light 
)on the applicability of the formula to sewers. 
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TABLE 



SHOWING THE VALUES OF H AS 
PIPES. 





1 
AUTHORITY. 


Length in 
Feet. 


Earthenware Pipe. 






Flowing partly ander a slight head 


Bidder, 1853 


2310 


Sheet Iron Rivited Pipe 






At North Bloomfield, fannel mouthpiece. . 


H. Smith Jr., 1876 


700 


New Cast Iron Pipe. 


Darcy, 1851 


365 
365 


New Cast Iron Pipe, Sudbury Conduit. 






Coated with Asphalt 

• 


Stearns. 1885 


1747 


OPEN 


Sudbury Conduit in Massachusetts. 




Plaster of pure cement over brick work . . . Fteley & Stearns 

^ 1880 


490 


Sudbury Conduit in Massachusetts. 




Hard brick, smooth surface, with mortar 
joints well made. Bottom slope, per 
thousand, about 0. 16 




600 



^mm^ 



\ 



XVIII. 

COMPUTED FROM ACTUAL GAUGINGS 

UNDER PRESSURE 



Diameter in 

Feet or 

Greatest 


Mean 
Hydraulic 


Hydraulic 
Gradient or 


Mean 
Velocity 


Coefficient 
in Formula 


Coefficient 

of 
Roughness 


Radius in 
Feet 


Slope per 
Thousand 


in Feet per 
Second 


Z,= C^ JKS 


Depth. 


R. 


1000 5. 


V. 


c. 


M. 


15 


•375 


2 50 


3.581 


117.0 


.0111 


.9x1 


.228 


8.50 


4.712 


107. 1 


.0108 


< < 


< < 


1 3- 34 


6.094 


1 10.6 


.0106 


1 < 


< ■ 


16.95 


6.927 


III. 5 


.0105 


« < 


1 1 


25-59 


8.659 


113.4 


.0104 


.9105 


1 1 


33.09 


10.021 


115.5 


.0102 


.6168 


.1542 


.27 


673 


104.2 


.0096 


4 < 


< t 


3.68 


2.487 


104.4 


.0100 


• t 


1 1 


22.50 


6.342 


107.7 


.0100 


1 1 


1 < 


109.80 


14 183 


109.0 


.0099 


< < 


1 1 


145 91 


16.168 


107 8 


.0100 


1.6404 


.4101 


45 


1.472 


108 4 


.0116 


1 1 


• • 


1.20 


2.602 


II7-3 


OIII 


I • 


< « 


2.10 


3.416 


116.4 


.0112 


< I 


1 1 


2.60 


3674 


112. 5 


.0115 


4.00 


1.00 


.318 


2.616 


146.7 


1 

.0105 1 


• t 


i 1 


.711 


3738 


140. 1 


.0109 1 


1 1 


• < 


1. 221 


4965 


142. 1 


.0108 


1 < 


• 1 


1.849 


6.195 


144. 1 


.0107 



CHANNELS. 



3071 


1.863 


0. 1606 


2.529 


146.2 


.0114 


3.575 


2.048 


0. 1 596 


2.672 


M7 9 


.0114 


3768 


2. Ill 


0.1580 


2.805 


1536 


.0111 


.820 


•577 


.1596 


1. 149 


119.7 


.0110 


I.04Z 


.75; 


.1803 


1 439 


123.6 


.0114 


1.4x5 


X.016 


.0140 


443 


117 3 


.0108 
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' 'We have not yet found reason to modify our first formula. Still we most 
not neglect to say that it contains a variation of the coefficient C which is open 
to some doubt, namely, a rapid decrease of C with decrease of slope in small 
channels with very smooth sides. Since, however, we are not in possession of 
experimental data for such channels with very light slopes, we are unable to 
investigate as to whether our misgivings are well founded." 

"The coefficient n covers not only the mere roughness of the surface, but 
also the irregularities and imperfections of the bed of the channel or river; it 
includes, further the efifect of loss of head or energy, in moving detritus or silt 
along the bed. in shifting the main channel or current from one side to the 
other of the bed, and in forming eddies or other lateral and irregular currents; 
in short, it embodies ail conditions causing retardation of flow, the relative 
effect of which must be left to the judgment." 

It should be borne in mind, that // is to some extent 
dependent on the hydraulic mean radius. For the same con- 
ditions of perimeter it decreases as the hydraulic mean 
radius increases. 

"The coefficient of resistance or roughness can be found only by consulting 
cases where analagous physical conditions prevail, and for which its value has 
already been ascertained. In doing this we must consider the effect of future 
contingencies upon the condition of the channel in question, such as the wash- 
ing in of detritus, etc." 

From an examination of diagrams by Edmund B. Wes- 
ton, in Transactions of the American Society of Civil Engi- 
neers, January, ISiH), comparing- the coefficients of friction in 
j)ipos as computed from a larg-e number of actual g'aug'ing's 
of pipes having- interior sides similar to new cast iron pipes, 
it appears that the values of // in Kutter's formula for the 
pij)es in (juestion, lie mainly between the limits « = .010 and 
;/ — .012 and in the majority of cases approximately w = .011. 

The value of (' varies widely for different values of « as 
will 1)0 seen hv an examination of Table XVIII. It mav be 
remarked, however, that this is precisely the feature which 
makes the formula applicable to such a wide rang-e of work 
and that the elTort to embody in a formula a variable to 
which can he given a value according- with the condition of 
the chanui'l is a sU'p decidedlv in advance. 
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Since in the general formula of Chezy 

which i' = velocity, 

C=coefficient determined by experiment, 
area 



iKq. I) 



wetted perimeter 
head 

S= = sine of slope. 

length 

area circle 

we have /i= when the pipe is running full. 

circumference 
'•3 area circle 

and R= — - when pipe is running half full. 

>4 circumference 
The velocity {j') is the same when the depth of flow is 
one-half the diameter as when the pipes are running full. 

When the depth of flow is half the diameter the dis- 
charge in cubic feet per minute becomes 



J4-^rx6i 



'=3i)r- 



(Eq. 3) 



Assuming the sewage of twenty-four hours to be dis- 
charged in sixteen hours, the daily capacity in gallons of a 
sewer under the condition named, becomes 

i •*" I 

!'i - r X (50 X - — - X *50 X I It X 7.48 

in which i'=velocitv' in feet per second. 
</=diametcr in feet; 



yj-i — XtiOX^ " -X60X16X7.+8 
(60 . ) 

1 which F=velocity in feet per minute. 
j9=diameter in inches. 



(Eq. 4) 
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The expression reduces to the following form: 

Daily capacity in gallons = 19.5822 X V D^ (Eq. 5) 

If we represent the inclination and discharge graphi- 
cally, by the abscissa and ordinate respectively, of a co-ordi- 
nate system, the value of the ordinate corresponding with 
any abscissa can be determined from the above formulae. If 
we make the diameter constant, and compute for varying 
grades and velocities, the ordinates will determine a curve 
representing pipe of the assumed diameter. If we make the 
velocity constant, and compute for varying grades and diam- 
eters, the ordinates will determine a curve representing the 
assumed velocitv. 

In the equations of velocity and discharge, if we make D 
constant (the pipes running half full) the hydraulic mean 
radius becomes constant, and the discharge varies as the 
square root of the sine of the angle of inclination, or as 

|_L^ A—^ etc., and the equation may be reduced to the 

^ lOO ^ lOO 

form: 



J 



Discharge = ^^^;;5/^/;;/X — , etc. 



lOO 

The curves of diameter are, therefore, parabolas and 
pass through the zero of the co-ordinate system. 

Whon the depth of flow is equal to half the diameter, 

^> (/>'X.78:)4 D 

L>(/>x;iUU) 4 



l^i 



■J^< 



Dischai-L'-o - l'.t.:.S'_>--' IP (' r "* 

\ 4 
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> the square root of the fifth power 
1 (liagrai 



I best be illustrated 



or, the discharge varies a 
of the diameter. 

The lise of the trraphic 
by a few examples: 

(1) Required, the limitinjf lenj^ih of a sewer six inches 
in diameter, accommodating llfteen persons using seventy 
gallons each for every 5tl-foot lot, the grade to be ,5 per 100. 

Solulion. Note the point at which the curve represent- 
ing diameter of sewer six inches is intersected by the per- 
pendicular line of fall in 100 = . 5. From this intersection 
trace a line to the left, preserving the same relative distance 
from the parallel lines on either side, until the vertical repre- 
senting seventy gallons per diem per capita is reached, then 
to the left and downward, preserving the same relative dis- 
tance fri)m the diverging lines on either side to the column of 
Triliutary Population, then horizontally to the left, preserv- 
ing the relative distance, as before, to the vertical represent- 
ing sixtj' persons tributary to each UXi feet of sewer (fifteen 
persons for each lot fifty. feet in width), then downward and 
2 left, preserving the same relative distance as before, 
I the intersection with the column of lineal feet when the 
istancc required is read, being in this case about 2,500 feet. 
Incidentally we determine that the total discharge is 
lO.SOiHI gallons per day. and the total assumed population 
I, by noting the point at which the line we traced crossed 
liese columns in the table. 

(2) Required, the size of outfall necessary to discharge 
lie sewage of 12,500 lineal feet of tributary lateral sewers, 

allowing ten persons for each twenty-five foot lot, and 
seventy-five gallons per diem per capita. 

Sointion. Starting at the left hand column in the table 
at 12,.V)0 lineal feet, follow the diagonal line upward and 
to the right to the vertical line of eighty persons, thence 

Ky to the right across the column o( Tributary 
I (which is determined to be 10,000), thence diago- 
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nally upward and to the right to the vertical line of seventy- 
five gallons (midway between seventy and eighty), thence 
horizontally to the right, when we note that the total daily 
discharge will be 750,000 gallons, and that it will require a 
sewer of the following dimensions: 

20 inches in diameter ... .05 per 100 grade. 
18 inches in diameter ... .11 per 100 grade. 
15 inches in diameter ... .26 per 100 grade. 
12 inches in diameter ... .75 per 100 grade. 
10 inches in diameter . . ..1.88 per 100 grade. 

But from the curves of velocity we note that the 20-inch 
sewer laid at a grade of .05 per 100 has a velocity less than 
120 feet per minute, which is inadmissible, and the 18-inch 
sewer laid at a grade of .11 per 100 has a velocity of scarcely 
120 feet per minute (118 by arithmetical computation), and 
the minimum velocity we have assumed in Table XVI is 129 
feet per minute. The conditions will be met by either of the 
other three sewers, and the velocity in each case will be 
approximately 170 feet, 240 feet and 390 feet per minute. 

(8) Required^ the size of outfall sewer to accommodate 
a population of 100,000, using seventy gallons per diem per 
capita. 

Solution, We observe that 15,000 is the greatest num- 
ber provided for in the column of Tributary Population. At 
the right, however, will be found a supplementary diagram, 
in which the gallons are ten times the corresponding number 
of gallons in the main diagram. We can, therefore, use that 
part of the diagram to the left of the column marked *'total 
gallons per diem" in connection with the supplementary 
table, by multiplying 'Mincal feet of sewer'' or ''tributary 
population" by 10. Starting thus at H>,00() in the column of 
tributary i)opulation, trace the line upward and to the right, 
to its intersection with the vertical representing ninety gal- 
lons, thence horizontally to the supplementary table, we read 
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if.iMKJ.iM.Mi gallons daily, and conttnuing- the horizontal line we 
cross the sewers of 

54 inches in diameter at .06 per lIM' grade. 

4-S inches in diameter at .11 per llXl grade. 

P40 inches in diameter at .'JG per UH) grade. 
Mi inches in diameter at .44 per 100 grade. 
Either one i>f these sewers laid at the grade indicated 
will fill the conditions. 

(4) Rftjuired, the number of people using seventy-five 
gallons per diem each, that can be served by a 4-inch house 
drain, laid at a grade of 1 in 100. 

Solution. Tracing a line from the point where the curve 
of 4-inch diameter is intersected by the vertical of grade per 
hundred— 2, to the left and horizontally to the vertical of 
seventy-five gallons, thence to the left and downward \ye 
read l,(MK) people. 

Other uses of the diagram will readily suggest them- 
selves. Of the fonr quantities, 

Total gallons per day, 

i Velocity. 

Fall in inu. 
Diameter, 
any two being given, the other two can be determined by 
inspection of the diagram. 

Let us take that portion of the City of Schenectady, 
N. Y.. iyinp between the Erie Canal and the Mohawk River, 
and tributary to the Front street sub-main sewer, as an 
example illustrating the use of the table in proportioning a 
complete system. 

The territory has at present a population of 5,000, dis- 
_triliuted with tolerable uniformity. The aggregate length 
I tbc aewer is l5,(MJo feet, jjiving thirty-three persons f.tr 
^h UK) feet of sewer. In this case it is not likely that the 
^ritory will ever reach a greater density of population, 
will assume, however, that it mav reach a densitv 
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expressed by fifty persons for each 100 feet of the sewer, 
and will assume a discharge of seventy-five gallons per diem 
per capita. 

First, arrange the distance of the various branches so 
that the aggregate length of sewer tributary to any point can 
readily be seen on inspection as follows: 

From corner Washington Ave. and Union St. to corner of 

State and Church Streets 860 

Church — Union to State 400 

1260 

State — Church to Ferry . . . i 440 

State — Canal to Ferry : 530 

2230 2230 

Ferry — State to Liberty 245 

Liberty — Erie Canal to Ferry 730 

3205 

Ferry — Liberty to Union 290 

Washington Ave. and Union to Church 625 

Church — Front to Union 450 

1075" 
Union — Church to Ferry 425 

1500 1500 

4995 
Ferry — Union to Front 725 

Washington Ave. and Front to Ferry 1200 

6920 

Front — I'erry to College 935 

"7855 
College — Liberty to Union 350 

Union — Ferry to College .... 830 

College — Union to Green 665 

1845 

Green — I'erry to College 825 

Green— K K to College 175 

2845 
College -Cireen to I'ront 560 

3405 3405 

11260 
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Ilrtiugkt /enearii. . , 

From — College lo John 

John Street 

Fritot— Juho to ]eflaraon 

JeBersoo 

Madison 



13065 

If we assume the HOiallest laterals to be six inches in 
tliameter and the grade lo be .5 per lUO, wc see from the 
diagram that their limiting length in this case is •I,SW feet, 
This size will, therefore, suffice until their aggregate length 
exceeds ■J.SOO feet. Should ihe grade be increased, however, 
at this point the ii-inch sewer may be extended still farther. 

Inspecting the figures made above, we determine that 
the size must be increased after the junction nf the Liberty 
street and Kerry street sewers. Assuming the grade imme- 
diately below this point to be .4 per 100, we determine from 
the diagram that an S-inch pipe will suffice up to an aggre- 
gate length of 5,000 feet. Inspecting the summation above, 
we determine that this is reached after the Ferry street 
sewer receives the Union street sewer and its tributary 
branches. From this point then, the size must be increased. 
Assuming the grades from this point lo be .y>> per liiO, we 
determine from the diagram the limiting length of a 10-inch 
pipe to be 7,5('0 feet. From the summary of length we see 
that this wojld require a still greater increase of size, the 
^^enide being the same, 3.55 feet above the junction of the Col- 
^^EeCTC street sewer. A man-hole at this point is not contem- 

k - 
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plated, and a chang^e in size between man-holes is not advisa- 
ble; we will, therefore, increase the g^rade, retaining the 
same size. Recurring to the diagram, we see that the 
required grade, the diameter being ten inches and the aggre- 
gate length being 7, 855 (or, in round numbers, 8,000) feet, is 
.32 per 100. The grade from a point 355 feet above College 
street, will, therefore, be increased to .32 per 100. 

Taking up, now, the branches tributary to the College 
street sewer, and remembering that our limiting distance 
for the smaller laterals is 2,800 feet, we note that the size 
must be increased at the junction of the Green street sewer. 
It is evident that from this point to the Front street main an 
8-inch pipe will be ample. 

Uniting the College street sub-main with the Front 
street main, we have an aggregate length of 11,260 feet 
Assuming the grade below to be .32 per 100, the diagram 
gives the limiting length for a 12-inch sewer as 12,700. This 
is reached when we add the Madison street sewer and tribu- 
taries. From this point the grade required to reach Monroe 
street (13,37.") feet, aggregate distance), we find by the 
diagram to be .3(> per 100, and to reach the main outlet 
(l."),(H)r) teet, aggregate distance), .44 per 100, the size of 
sewer being maintained at twelve inches. Incidentally we 
note that the velocity at this point is two hundred feet per 
minute, and the daily discharge 5()r),(K)() gallons. 

If the formula of Kutter is preferred the procedure is 
precisely similar, using the red lines instead of the black 
ones. 

The computations can he made with the same facility, 
coninu'iu'ing at the outlet and proceeding toward the dead 
ends. A ct)niparison o\' the results obtained from the dia- 
gram by ditTerent j)ers()ns show them to agree within about 
t)ne por ^cnl., an error of no consc<|uencc when the data can- 
not be stated with precision. 
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It i» proper to state thut Baldwin Latham, in I'alcuiatini; 
the tables on which the diagram is hased, has asisumed a 
value for /; equal to the velocity in feet per second in each 
case, to simplify the computations. The tables are, there- 
fore, strictly correct only when the length in feet e<]ual the 
velocity in feet per second; multiplied by the denominator of 
the fractional inclination. Thus: 

«-inch pipe, grade 1 in 2(X) 490 feet. 

t(-inch pipe, grade 1 in 100 35.i feet. 

12-inch pipe, grade 1 in 400 380 feet. 

l2-inch pipe, grade 1 in 200 710 feet. 

24-inch pipe, grade 1 in 1000 2166 feet. 

24-inch pipe, grade 1 in SOW 1575 feet. 

Comparison of Various Standard FormulEC, — Some 
authorities prefer to use other formuire than those of Weis- 
bach, on which the diagram is based. A comparison of the 
results obtained from various standard formulae is presented 
below. 

The following are some of the standard formulje used 
by the best authorities: 

Baldwin Latham, 1 v^2?vi 

Wcisbach. \ ■^l-i-f+4 

i.HlVi .002807 I 
j 4I.(5tiH i 

''■'""■■■'•= i ".002801 •'„ ''S5=c^:ss- 

in which i'=mean velocity in feet per second. 
C=coeBicient of mean velocity. 
sine of slope. 



/?=hvdraullc 



1 radiu 



= degree of roughness, deteri 



led by t 



fperimenl. 
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Box ) j(3^rXi^)4 

Shone, ) •37398'^ 

in which t/=diameter in inches. 
Zr=head in feet. 
Z=leng'th in yards, 
a = sectional area in square feet. 

Darcy, "v—A 

NI.00371(rf+l)Z 

in which rf= diameter in inches. 

//=head in feet. 

Z=leng'th in feet. 

From these formulae the following^ table has been com- 
puted: 



^^^^^B 


~^| 


K 
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It will be observed that, with the exception of Kutter's 
formula, the results above given, thoug^h not equal, run 
approximately parallel. 

Kutter's formula g^ives much smaller values for sewers 
of small diameter, and much larg-er values for sewers of 
large diameter. When ;/ = 15, the values given by Kutter 
and Latham are approximately equal for a sewer five feet in 
diameter. This value of «, however, is not applicable to 
vitrified pipe sewers, well constructed, unless it be on very 
sharp curves, where ordinarily the work is less perfect. 

Loss of Head on Curves. — An increase of inclination 
should be given around curves, both to overcome the 
increased friction due to angular change in direction, and 
also for the reason that, as ordinarily laid, there is a slight 
opening of the joints in the outward circumference and 
greater liability to stoppage from articles lodging crosswise. 
The allowa;ice indicated by theory for the increase of 
friction on cui*ves is not sufficient, for the reason that pipes 
are not usually laid so truly to line or grade as when laid in 
straight lines, and, aside from the increased friction due to 
the angular change in direction, we may properly increase 
the coefficient of resistance to flow in the pipe. 

The following is Haldwin Latham's modification of Weis- 
bach's formula for loss of head due to angular friction: 

//--head necessary to overcouie angular friction. 

:-■ velocity in feet per second. 

f/-- angle in degrees. 

/•-radius of pipe. 

/>-- radius of the bend. 

r coefficient. 

V 

a I' 



r\ X or, 



.L 
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(Kq.6) 



In which f=.131xl.s4; 



- 1^1' 
Ml 



-=• 


-a J 




■S 


.6 


-7 


.8 


., 1 ..0 


.= 131 


|J8 ..jS 


.206 


.394 


,440 


.661 


■977 


I ,=» 1 ,.^8 



Assuming a 6-inch sewer laid with a curve of fifty feet 
radius, the angle of the curve being sixty degrees, or its 
length 52.4 feet, and the velocity above the curve to be five 
feel per second, the increased head necessary to overcome 
friction due to angular change in direction is, according to 
e(]uation six, less than one-eighth of an inch. In no oase 
which could possibly occur in curves of a proper radius will 
the formula give more than a small fraction of an inch as the 
value of A. This is too small to be considered in work of this 



In proposing a formula for the increased head or inclina- 
tion required for curves as ordinarily laid in sewer work, we 
may, therefore, disregrard the effect of angular change in 
direction. 

If, however, we assume that the increased roughness of 
the pipe would increase the coefficient w, as given in Kutter's 
formula, from « = .iill, its value as given for plaster of 
cement with }■:■ sand, to w = .i)13 and « = .(I15, its value as 
given for brick work and terra cotta pipes with imperfect 
joints and in bad order, we have from Kutter's formula, by 
computation, the folIi>wiag table: 
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TABLE XX. 

SHOWING INCREASED FRICTIONAL HEAD REQUIRED FOR CURVES IN VARIOUS CASES. 



Diameter. 


Coefficient 
of Resist- 
ance. 


Velocity. 


Percent- 
age Rela- 
tion of 


t7=2H FEET 
PER SECOND. 


V= 5 FEET PER ' 
SECOND. 


Grade 
per 

100. 

.65 


Loss of 

Grade 

per too. 


Grade 
per 
loa 


Loss of ; 

Grade 

per 100 1 


6 inch 


//—.Oil 


87 35 V A'J> 


100.00 


. • • • 


2.62 




It 1 i 


//— ,013 


69.77 V iV5 


79.86 


1.02 


■37 


4.10 


1.48 


It < < 


//— 015 


57.i5VA'i- 


66 CO 


1-53 


87 


6.12 


3- 50 ' 

1 


12 inch 


//—.Oil 


105 74 V >^-^ 


100 00 


.22 


• • • • 


.89 


• • « • 


4 t It 


//— .013 


84.92 V A'^' 


80.31 


•34 


.12 


5-38 


•49 


II It 


//— .015 


70.8 VA».V 


66 00 


•49 


.27 


I 99 


1. 10 
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//—.on 


1 16.2 y /^s 


100.00 


.12 


• • • • 


49 




II II 


//— .013 


94 7 VA'^ 


81.45 


.18 


.06 


•74 


25 


1 1 It 


//— 015 


79.0 V A5 


68.00 


.26 


•M 


I 06 


57 



♦According to Kutter. 

In the columns of loss of g^rade per 100 feet can be found 
the increased fall necessary, under the supposition that, on 
ordinary curves, ;/ is increased from .011 to .013, and on 
sharp curves from .011 to .01."). 

It will be observed that when ;/ = .013 the value of C is 
decreased to about eijjfhty per cent, in all cases. Recurring 
to the j^eneral formula of Chezy, which for the ordinary 
ranjjfe of diameter and velocity, becomes, approximatelv, 

We mav write fi>r ordinarv curves. 
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in which S'= — = siope required. 
From the preceding equations we have 

(100)'/? 



(80)' i? 
Or. since in each case the hydraulic mean radius when 

the sewer is half full= — 



r 2500rf 

=loss of head required 



(Eq. 7) 



In pipe sewers, hoM'ever, the roughness is somewhat 
dependent on the ratio of the radius of the curve to diameter 
of the pipe. 

Empirical Formula. — The following formula will give 
good results in pipe sewers: 

!■'/ ( lOrf I 

/f= 1 + ^ ' CEq.8) 

4000(/ ( ;• 1 

in v\ hich :' = ve1ucily in feet per second. 
/=]ength of curve in feet. 
(/=diameter of sewer in feet. 
r=radius of axis of curve in feet. 
//=loss of head for curve in feet due to increased 
roughness. 

//in the above formula does not represent the total fall 

required for the curve, but the excess of fall necessary over 

I that if the sewer were straight, and the flow had an equal 

PClocity. 




CHAPTER VII. 

MATERIAL AND ACCESSORIES. 

Sewer Pipes. — Salt-g^lazed, vitrified earthenwaj*e is the 
best material thus far produced for sewer pipes. It forms a 
smooth, impervious conduit, is not affected by the sewage, 
and is practically indestructible. It is manufactured in all 
sizes, from two inches to three feet in diameter, and in con- 
venient forms for special purposes. It is also made of "stan- 
dard" thickness and ''double streng^th." The pieces are 
usually either two or three feet in leng"th. They are either 
made with a "bell" at one end for holding- the "spig-ot" end 
of the adjoining piece in laying, or as simple cylinders, with a 
separate collar for making the joint. The socket and spigot 
pipe is usually preferred. Pieces with Y branches should 
bo placed wherever a house drain is to be connected with the 
sowor. 

Tests of twelve-inch sewer pipe were made at Boston by 
Chief Knj^ineer W. H. Bradley, with the following- results: 

"The pipt»s were three feet long and without sockets, except as noted. 

" Tho crushing test was made by bedding the pipes, horizontally, half their 
iiepth in sand and crushing them by a weight applied uniformly along the 
longth v>n the top. figures are pounds per foot of length (average of three pipes) 

" rhr breaking test was made by supporting ends of pipes on two blocks 
tw*o fret si\ inches apart and applying weight at center; figures are total weight 
^on# to'it^ 

' ' The abra^iion test was made by applying a section ^ inch square, loaded 
with io IK'S . to a revolving grindstone three feet in diameter, kept wet and 
clean tijcurrs .ue revolutions necess.iry. ist, to remove glazing; 2nd, to grind 
Auav *\.» oi tvMal tlnckness mchiding glaring (average of two tests)." 
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Tests of double streng^th sewer pipe, manufactured by 
Blackmer and Post were made by H. R. Gates, Superinten- 
dent of the Geo. J. Fritz Foundry and Machine Co., with the 
following^ results: 

I Section 24-inch Double Strength Culvert Pipe, 

2 inches thick, broke at 27,610 pounds. 

I Section 24-inch Double Strength Culvert Pipe, 

2 inches thick, broke at 28.715 pounds. 

I Section 27-inch Double Strength Culvert Pipe, 

2% inches thick, broke at 33, 133 pounds. 

I Section 27-inch Double Strength Culvert Pipe, 

2 14 inches thick, broke at 32.763 pounds. 

I Section 30-inch Double Strength Culvert Pipe, 

2}i inches thick, broke at 27 ,.987 pounds. 

I Section 30-inch Double Strength Culvert Pipe, 

2^ inches thick, broke at 24,297 pounds. 

I Section 27-inch Standard Culvert Pipe, 

lyi inches thick, broke at ^ 23.986 pounds. 

I Section 27-inch Standard Culvert Pipe, 

2)s inches thick, broke at 22,530 pounds. 

I Section 30-inch Standard Culvert Pipe, 

2 '4 inches thick, broke at *. 27,875 pounds. 

Internal pressure was applied with the following* results: 

24-inch Culvert Pipe burst at 100 pounds pressure to the square inch, 
showing a horizontal crack on the side from end to end. 

27-inch C'ulvert Pipe showed no weakness of the material or in the 
joint at 100 pounds pressure, but the bulkheads leaked so much 
that no more pressure could be applied. 

30- inch Culvert Pipe showed no weakness of material or in the joint 
at i*>o iKMinds pressure, but the bulkheads leaked so much that no 

uiore pressure could l>e applied. 

In niakini»" tho tosts as shi>\vn, blocks of wood were 
hollow otl i>ul to til as nearly as ]>raclicable the shape of the 
pipo, oav'h hlovk covorinj^ a little less than one-fourth the 
eireuintereiu e of the pipe, the power being" supplied bv a 
haiul-punip, the pre-<siire beini:- reiristered on the guage 
as appliod. 
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The capacity of vitrified salt-gla/ed aewer pipe to resist 
abrasion is very marked. 

Hand-Holes. — A "hand-hole" is a piece of pipe provided 
with a detachable section. See Fig-. ± These hand-holes 
afford the means of removing obstructions without breaking 
the pipe. They are usually laid at intervals of about one 
hundred feet. Their use may be dispensed with and the 
sewer may be opened when necessary by removing the cap 
from a Y branch. 




Fig. 2. 

L/amp-Holes. — At intervals a T should be placed in the 
sewer and a stand-pipe carried to the surface, forming an 
opening where the action of the sewer may be observed. See 
Plate I. Part of them may stop just beneath the pavement 
and be covered with a light casting, shown in Plate I. and at 
longer intervals part of them may be carried to the surface 
and protected with a cast iron cover. 

Fresh Air Inlets. — These will answer in place of man- 
holes in some cases when the distance between the junction 
of two or more sewers is considerable. They afford facili- 
ties for inspection, and have the advantage of preserving the 
rtow of sewage in its proper sectional form and precluding the 
possibility of deposit. They are, however, not as available as 
points from which cleaning tools can be inserted into the 
sewer. They should be covered with a perforated cast-iron 
cover, similar to that shown in Plate II, to assist in the venti- 
lation of the sewer. They can be very cheaply constructed. 
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Man-Holes. — Where two or more sewers unite a man- 
hole should be placed. See Plates V, VI, VII, VHI. Thev 
should be built of selected, hard brick, laid in cement mor- 
tar, plastered outside, and surmounted by a heavy cast-iron 
cover. It is very difficult to make a proper connection 
between two pipe sewers of larg^e size by the use of the ordi- 
nary Y branch. The man-holes are also required for pur- 
poses of inspection, repair, removal of obstructions, and 
ventilation. 

The advisability of omitting* man-holes has been consid- 
erably discussed of late, but in cases where they have been 
omitted it has usually resulted in their being- built subse- 
quently. They add largely to the cost in the Separate 
System and should not be used more frequently than is 
necessary. 

Flush-Tanks. — All dead ends should be supplied with 
automatic flushing tanks, the size of which should be propor- 
tioned to the size of the lateral. They should be built of 
selected, hard brick and cement mortar, and plastered inside 
and outside, and surmounted by a heavy iron cover. They 
are usually supplied with water from the street mains 
through an ordinary service pipe of small size, and the 
admission of water is controlled by an ordinary lever handle 
stop-cock. They are built in various forms and will be more 
particularly described in the chapter on Flushing- and Ven- 
tilation. 

Y Branches. — The usual form of Y branch is shown in 
Plates I and X. It consists, essentially, of a cylinder of 
smaller diameter intersecting the main pipe at an ang-le of 
about thirty degrees, measured on the side of the intersec- 
tion toward the socket end of the main pipe. The axis of 
the intersecting cylinders meet in a common point. The Y 
branch can, therefore, be turned to the right or left with 
equal facility. 
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Another form of Y branch is shown in section in Plate 
I. It consists of an intersecting* frustum of a cone, the diam- 
eter of whose base is equal to the diameter of the main pipe 
and common with it. It is claimed for this branch that it 
induces a more perfect ventilation by entirely withdrawing" 
the air from the crown of the main sewer. 

It is open to the objection that it does not preserve the 
proper cross-sectional form of the stream but allows it to 
spread out laterally into the branch itself, thus breakings up 
the continuity of the flow, decreasing* the velocity, and tend- 
ings to the formation of eddies and deposits. 

The comparative effect of the two styles of Y branch 
upon the cross section of the stream when the pipes are flow- 
ing* half full is shown in Plate I. 



CHAPTER VIII. 

SPECIFICATIONS AND CONTRACT. 

Letting the Contract. — Having* determined upon the 
plan for a system of sewers, the sizes of the pipes required 
for the different lines, and the details of the accessories, the 
next step is to arrange for constructing the sewers. 

The usual way is to advertise for bids for constructing 
the work according to the plans and specifications prepared 
by the Engineer. A description of the work and approxi- 
mate quantities — subject to change by the.Eng-ineer — may be 
given either in the notice to contractors, or in an estimate 
filed with the detailed plans and profiles, which have been 
prepared to accompany the specifications. All drawing 
should be carefully made to scale, and full descripti<ms of 
them should be written out, so that every point may be made 
plain and nothing left to be inferred. 

As a guide in this work a few blank forms are presented, 
which can be modified to suit the requirements of particular 
cases. 

No general specifications can be properly applied in 
work where the conditions are unusual and these specifica- 
tions are to be used only as a general guide upon which may 
be founded specifications adapted to local conditions and 
local laws. 



SPECIFICATIONS i 



MENT.]. 

NOTICE TO CONTRACTORS. 

Sealed proposals will b« received at the oSce of the Sewer Coinmissiaa 

in ibeCily of , 

o'clock oo Ihe day of I,., , 

B const ructiog uwen in 



Forms of proposals, copies of the specifications and ij 
rs may be oblaitied of the Eagineer; and the plans and proliles may be 

Each bid must be accompanied by a deposit ot t. as a guarantee 

^the good faith of Ihe bidder 

The Sewer Commission reserve Ihe right to reject any or all bids. 



[iNSiKt'CTlONS TO CONTBACTOKS.] 

TO CONTRACTORS. 

1. All bids mast be made upon the printed forms, to be obtained at the 
office of the Engineer, and enclosed in a sealed envelope, directed lo Ihe 

Engineer of Sewers 

and endorsed upon ihe onlside of the envelope. PrufBiai /er umslmcliitg Site- 
er, in Ike U<y ,'/ 

2. Each bid must be accompanied by a deposit of Dollars, 

lo be left in ihc hands of ihe Cily ('lerk, subject lo the conditions specified in 
the proposal heialo annexed, as a guarantee ol the good lailh ut the bidder. 

3. Bids shall slate the price per lineal toot of pipe* ot each size laid as 
herein sptcilied, and for the various depths ut trench named, also for all other 
items enumerated in the schedule opposite, which price shall be in full for all 
labor and maleriata required jor Ihe complete execution uf the work. 

^^P 4. All prices muBt be uritlen in words, and also staled in Bgures 
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5. The place of residence of each bijjder must be g^iven after bis signa- 
ture, which must be written in full. When firms bid, the individual names of 
the members shall be signed in full, and the firm name added. 

6. The name of the contractor must be filled in the blanks left for that 
purpose. 

7. The City of reserves the right 

to reject any or all bids. 

8. Bidders are requested to be present at the opening of the bids. 

9. The bond required of the successful bidder shall be in the sum of 
% 

[form of proposal,] 

PROPOSAL. 

7<» fAf Srtvtr Commission of the Lity of 

Gkntlbmbn: The .undersigned hereby propose to furnish all of the mate- 
rials and do all of the work required to complete such amoant of the above 
mentioned work as shall be awarded to the undersigned by the City of 

in a first class manner, and in accordance with 

the Hpecit'ications hereto annexed, and the plans and drawings of the same on 
file in your Kngineer's olVice. at the following prices, \nz.: 



^^^^pi^^H 


1 ^B 


^^^^^^^^^^l^^^^^^^^^^^^^l 


■^^^^^^^^^^M 


'. — ..I 




Price in 
Finnrea. 


In Wordi. ^^^| 


pipe, includlni Vs. br*ncliei, dslacbable cover*, 




H 






1 


pipe, iocludiuii Vi. brancbei, delachable covets, 




1 


Price par lioeal tool tor tumlebiBK und UrlnR i»HDch 
pi^. iucludine Y.. branchei, delieheble eo.er.. 




1 






1 


pi™, i>icliidm5 Yi, btimcbei. delecbable coveti. 




H 


Price per lineal lool for all eicavalion and back-filliiic 




^1 


Ptio pir lineal (oo< tot .11 e.c.vailoB and back-fillinK 




^M 






^M 


price per lineal (ae( t« alt eicavation and back-filling 




^1 


Price par liDeal loal (ar ill alcavalion and back-filling 




^1 


Price per lineal loal lor all eaeavaiiGa and badk-Glline 
14 [«1 Of over, and under 16 leel „ 




^1 




^1 






^^1 






^^1 






^^H 






^^1 






^^^1 


Price per Iod lor iron pipe, laid with lead joinli, co»- 




^1 






^^1 






^^1 






^^1 






^^H 


L 1 




^^^ 





142 



THK SEPARATE SYSTEM OF SEWERAGE. 



6-inch drain tile, laid per foot 

4a-inch brick sewer, laid, per foot.. 

40-inch 

36-inch 

30-inch 

24-inch 

Embankment, price per cubic >ard. 



And hereby agree to enter into a contract within five days from the 

date'of your acceptance of this proposal, to finish and complete said work (by 

the day of ). according to the 

form hereto attached, and the plans and specifications on file in the office of 
the Engineer, under which the bid was made, and will famish such sureties for 
the faithful performance of such contract* the payment for materials contracted 
for. and for the payment of laborer's wages and liens which may arise there- 
from, as shall be approved by the Sewer Commission. 

In default of the j-terformance of any of the conditions on part to 

l>e i>erformt\\. the sum of Dollars, which 

have thi> day dejx^sittHl with the Sewer Commission, shall, at the option of the 

s,iid Sower ^'ommission. l^ absolutely forfeited to the City of 

but otherwise said sum of Dollars 

shall Ih^ letu! nevi to 

l\\ie.', at the day of 



|Cv>ntr.iv iv^r» S:»;n.\ture ] 






r o 



\/..'.:es* 



[State,] 



O/1' a^k. 



■ -CHAP, VIII. 



SPliCIl'-lCATlONS AND COXTKACT. 



£■ 


■OKVI FOK SPKCIFICATIONB AND COSfRACT.] 


■ 


ARTICLES OF AGRKKMENT. 








vty ef iht Jirit fart, and. 

mirailer, fvtrty af Iht ttconJ fart, fur builifit^. 







Tills ACREEMENI 



made and e 



in the year one Ihousand bondred 

by and bolwecn the City ot. 

ly ol ihe firai part, and 

iniractor. ., party of tbe second part. 

ilnisselh. Whereas, The City of io the 

)[ , by virlUB o( the authority vested io tbe 

CcromissioQ by the Legislature of Ihe State of 

id by ibe Charter and OrditiaDces of the Cily. agree lu lei uato ihe said 

Conlractor. . the work of 

Sewers, as per p1an« and profiles 
the work on 6le \a the office of Ibe Engineer of Sewers. 

VfS!, TherefpTi, in consideralioo nf the payments and covenants herein- 
ineotiolied to be made and performed by said parly of the tirsl pari, the 

hereby covenaots and agrees to do Ihe 

•rk above mentioned in a substantial and workmanlike manner, in conformity 
b ibe plan^, profilea and specifications of such work on File in the office of 
ihe Engineer, in strict obedience to Ibe directions which may from time to 
lime be Kiven by ihe said Euglneer or his duly authorized assistanls, and in 

rordaoco with ihe following specifications 
1. The ground shall be eicavaled in open trenches Io Itae necessary width 
auu depth The trenches shall be opened at least one fool wider on each side 
ifasn the eiterior diameter of Ihe sewer intended lo be laid Tbe bollom o( 
I the trenches shall be formed to the required grade and to tbe shape ot the 
^^bewer, so that the whole surface of tbe under half ol the sewer shall have an 



SPECIFICATIONS FOR SKWERS. 



I tkt City of.. 
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even bearing throughout. In the trench thus formed shall be spread cement 
mortar, as the bricks are laid, not less than one inch thick; upon this shall be 
laid the inverted arch. The upper half of the sewer shall be covered with a 
coating of cement mortar not less than % inch thick. The work shall be 
backed in, carefully ramming and packing under and around the sewer with 
proper tools, by a trusty person approved by the Engineer. 

2. In the construction of the work, none but the best quality of whole 
brick, burnt hard entirely through, shall be used. They shall be thoroughly 
wet immediately before being laid. Every brick is required to have foU 
cement joints on the bed, sides and ends, unless otherwise ordered by the 
Engineer, which for each brick is to be formed at one operation, and in no 
case is to be made by working in the cement after the brick is laid; not more 
than two courses of bricks shall be laid without being lined. The bricks in 
each course shall be laid as stretchers and shall break joints with those of 
adjoining courses. The bricks shall be culled before being brought upon the 
ground, and all brick of an improper quality, and all bats, removed from the 
street. 

3. The cement mortar shall be composed of the best quality of fresh 

ground cement, mixed in the proper proportion of one part of 

cement to two parts of clean sharp sand, free from loam and shall be used 
immediately after it has been mixed; any that has stiffened by commencing to 
set shall be rejected. All cement will be subject to inspection and test before it 
is used, the Engineer to decide upon the character and severity of the test, and 
if found of improper quality it must be immediately removed from the work. 

4. Whenever it shall be deemed necessary by the Engineer, the sewer 
shall be built in a wooden invert constructed of i}4 inch pine plank, securely 
nailed to 2X;i^'^ inch ribs placed not more than six feet apart and formed to cor- 
respond with the exterior of the sewer, which invert shall extend each side of 
the sewer at least one-third the height of the same. 

5. The sewer shall conform in shape and size to the pattern furnished by 
the contractor, and made from drawings furnished by the engineer. 

6. The whole of the joints of the inner face of the sewer, below the 
springing line of the arch, to be smoothly and properly struck. Those above 
the springing line, scraped even with the bricks, as soon as the centres are 
struck. The refuse mortar must be immediately removed from the sewer. 

7. In keying the crown of the arch no headers are to be used. The inner 
and outer courses of stretchers are to be carried over and keyed separately, and 
each course in the crown of the arch is to be thoroughly grouted with grout 
composed of equal parts of clea'n, sharp sand, and best quality of fresh ground 
cement as directed by the Engineer. 



SMKIFICATIONS ANO CONTRACT. 

All brick work must be racked back id courses, and wheo new work is 
t joined to il. ibe surface ol Ibe bricks must be cleaned and moistened 
iner ring sball be laid of selected brick. No inside joint shall be greater 

The upper arch shall be laid upon centres, not less than lo feet long 
I straight work. For curved brick sewers, the centres must correspond wilh 
k radius of the curve The cenlres shall not be drawn until the back filling 
! ihe top of the arch, without the permission of the Engineer. All 
plres and templets shall be scraped clean before use. 

Kill be held responsible for any distortion of the sewer by 
(on of the subsequent settlement of the trtncbrs. 

■Ian-boles shall be built inio the sewer at such places as the HnKJneer 

.: the side walls to begin at the springing line of the upper arch of 

Size. form, thickness of wall, cover and all details lo conform to 

h Engineer's drawings accompanying the spec ifi cations. Wrought iron steps 

■if-S inch round iron shall be placed in the man-holes. Distance apart of 

, i8 inches; length of tread. lo inches: projection from brick work. 4 

s The iron to eilend through the wall and clinch one inch on the out- 

:l Branch sewer connections and house conneclions shall be boill into 
lewer at such points and in such manner as the Engineer inaf direct. 
mnches not 10 enceed on an average, one every 25 feel on each side. 



12 The sewers shall be conslructed of first quality vitrified, salt'glated 
r pipe, -sound and welt burned ibrcughoul Iheir thickness, impervious to 

;, of smooth and well glaired eiterior and interior surfaces, free from 
cracks, flaws, blisters, tire-checks, fndall other im perfect ions, circular in Ibe 
bore, of irue form in their lengths, whether straight or curved, inlBrnally oE 
ihe exact specified diameter, <nd of unifotni standard thickness. 

13 All pipe shall be socket pipe, with true and circular sockets concen- 
tric with ihe bore □! the pipe, and shall be furnished in pieces two feel long. 
For all junction pieces, a nell filled vitrified stopper shall be furnished, wilb- 
oul charge 

14. A Y branch connection of inches, in diameter shall be provided 

every twenly-flve feet on each side, when ordered by Ibe Engineer. 



Iron pipe shall be used where the sewer tuns under or through waler- 

nys^eilber nalural or artificial— or under a railroad, or wherever it is deemed 

sary by tbe Engineer The joints shall be of lead properly caulked. The 
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lengths of pipe, their diameter and thickness to be as directed by the Engineer 
The weight of each pipe shall be plainly marked on it before leaving tbe 
factory. 

1 6. The iron pipe shall be paid for by the ton, laid in place with joints 
complete. 

LOCATION. 

17. The sewers shall be located on the lines shown on the plans of the 
work, and will be staked out by the Engineer. This line, whenever practica- 
ble, will be on the centre line of the street. The Commissioners, however, 
reserve the right to move the line of sewers to the right or left whene\-er 
obstructions are met which render a change of line desirable. 

18. The contractor will be required to preserve all stakes and bench 
marks until permission is given by the Engineer to remove them. 

19. The line for trenches will be indicated by stakes set at one side of tbe 
trench. A width of at least two feet, on the side of the trench where the stakes 
are, shall, as the work progresses be kept free from obstruction. 

EXCAVATION. 

20. All excavations shall be by open cut from the surface. No tunneling 
will be allowed, e.xcept written permission be previously obtained from the 
Engineer 

21. The contractor will be required to keep the sides of the excavation 
vertu^I by bracin>: or otherwise: but no allowance will be made therefor 
ur.Itf^s the s^me is left in the trench by written order of the Engineer. 

12 The excavation, at the bottom, is to be made and shaped as nearly as 
possible to tit :he lower half of the pipe to t>e laid, with holes cut at the joints 
:\-T :>.e 5v\:keis tx> re^t in. so that the pipe shall have a uniform bearing on the 
rr:-:r-i frcm en^: to end 

1} At the height ot h.\lt of the diameter of the pipe from the bottom, 
ii-i: .5 i! :he heuht ot" the stre^test horiiontal diameter of the pipe, all 
vt:.:i*-- ire :.- ".v e;»:hiet^n -.nches wuler than the greatest diameter of the pipe 

1* Ti* trerivh s'.*.a*". v>e viv.i: iv^ \\::h:r. >i\ laches of grade by measurement 
1' :: li M ziry^ <:\\^'> v^r. :r.r 5;:r(.\v'e. Vhe list six inches shall be taken out 
L *- : r . '■■ t vni- r. - c bet- * ^e: ;r :be X'l^s^r.: of ihe trench b%' the contractor 



- . V ^ V 



";rh-^'.*< f«5h tanks, and other accessories 
c\;>: ."^i- t\x : :z the clear between their outer 
■-:>f. .. r .-i —1% be used to protect it. 



SPIiCIFICATIONS AND CONTRACT. 



The approximate deplh of (he culling will ba nivea by Ibe Eogineer 

he excavation is begun. Grade and line will be given by Ihe Kngineet 

r 2j feet at tbe bottom of tbe irencb, on slakes (o be furnished and set by 

:ontractor: or on over bead pieces, from which the position of t be invert 

y be detetmined by a line parallel Iherewilh 

In no case, without previous written permission from the Engineer, 
e than 50a feet of ireocb be opened in advance of the completed 
. on the compielion of each 500 feel of sewer, ihe street surface must 
■ leslored in good condition and all surplus loatenal and rubbish from that 
n be immediately removed. 

i The material excavated shall belaid compactly on Ihe side^ of the 
1 and kept trimmed up so as to be of as little inconvenience as possible to 
the traveling public and adjoining tenants, 

2ty The contractor shall not obstruct the gutter of any street, but shall 
nse all proper measures to provide for the free passage of surface water along 
the gutters. 

30. The contractor shall provide for all water courses and drains inter- 
rupted during the progress of the work, and replace them in ai good condition 
as he found them. The use of any portion of the sewers shall not be con- 
structed as an acceptance of them b)' the Commissioners. 

31 No additional compensation &hall he allowed for excavating man- 
holes, or flush tanks over the price per lineal (ool for trench 

32. The contractor shall keep the trenches free from water during the 
progress of the work, as no pipe of masonry shall be laid in the water. 



The c. 



>r shall a 



expense, shore up, protect, and make 
good, as may be necessary, all buildings, walls, fences or other property 
injured, or liable to be injured during ihe progress of the work, and the con- 
tractor will be held responsible for all damage which may happen to neighbor- 
■Dg properly from neglect of this precaution, or from any other cause connected 
wilb Ihe prosecution of the work. 



pipes, and 



shall do wbatevei 
I protect from injur)' all water 
all other fixtures which may be 



s pipes, lamp posts, sprvi< 
h in carrying on the work. 



)5. In case any o( the said gas or water pipes or other fixtures be dam 
aged, they may bo repaired bv the parties having control of the a. 
•ipense of such repairs shall be deducted from the amounts which 
due ihe contractor 



c. and the 
ty become 
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PROTECTION AGAINST ACCIDBNTS. 

36. The contractor shall erect suitable barriers around all excavations, to 
prevent accidents to passengers on the streets, and shall place and maintaio 
during the night sufiBcient red lights on or near the work. 

37. The contractor shall have charge of. and be responsible for. the 
entire line of sewers for whose construction he has contracted, until tb«r 
completion and acceptance. He shall also be liable for any defects which may 
appear in his work before the final payments specified herein. 

BACK-PILLING. 

38. The earth filled around and on top of the sewers shall be free from 
stones, and tamped with the utmost care, so as to obtain the greatest compact- 
ness and solidity possible. In filling, the earth shall be kept at the same heif^ht 
on both sides of the sewer when required by the Engineer. The earth shall be 
rammed in layers of not more than one foot thick up to the surface of tbe 
street, and in no case shall the number of men filling be more than twice the 
number of men ramming. In lieu of ramming, the earth may be thoroughly 
puddled. 

39. The contractor is required not to sell, remove or permit to be 
removed from the line of the work, before the trench shall have been refilled, 
any sand, gravel, or earth excavated therefrom which may be suitable aod 
required for refilling. 

40. The trench must in all cases be filled to the proper grade with suit- 
able material Should there l>e a deficiency of proper material for refilling the 
trench the contractor will be required to furnish the same at his own cost. 

KKFAVING ANP RESTORING STREETS. 

41 Whon the pavement has l>een removed, it must be replaced by the 
contractor and left in as gtx>d condition as it was before being removed. 

4-' As the trenches are filled in and the work completed, the contractor 
shall removr* all surplus material, without additional compensation, to localities 
not interfering with the regulations of the city, and shall leave all roads and 
places free, clean and in ^ovkI orvier 

43 All wvmK ot restoring; the surface of the streets shall be done to the 
s,\:isf.\ct:on v^f the su'jvnntendent of streets 

u It .It .in\ f.r.e v'.urink; a periovi of one year from the date of the final 
c« -v.. U f.v^'.i .o.'.vi .KVcpt.\:x"e v f tl:e sewer the roadway on the line of the sewer 
vh.r.' TtN;u :e le*;'. .».'in^ repavmt: or recr.u elin»: by reason of the settlement of 
thetrrnvht'^ ;hc v. o:v.:-u^s*.oners s^a'I r.oiif\ :he party of the second part to 
!v..rKO tV;' re. .r:^ ^.^ ;tN;u'.T«\l .\r.v: it :he pv*r:\ of the second part shall neglect 
(v'T ,1 p«T'.vN' v'f ten d.»\s :v^ m.^ke s;:ch repair^^ :o : he satisfaction of the Cora- 



i AND CONTRACT. 



I, then the Comtnissioners shall have Ihe right lo C3u«e th« repairs to 
and Id pay ihe eiprnse thereof out of the sura retained for that 



Where enibanknieiil ib Qecetsary Id support ihe (ouodacions u( the 

ir lo cover or prolecl it in any way, il shall be made of Ihe width and 

s shown on Ihe plao The surface ol the ground receiving the embank- 

11 shall L>e carefally cleared of all muck or uosuilable material, ol whatever 



The embankment shall iben be formed o( good loara or gravel, free fion 



and of those belo« 



1( bailt to support the foundai 



>f earlb in any place. 



ihickness. ench layer to be sepa- 



No breaks, steps or irregularilies in the dislribulioo 
erial or formati'io of the layers will be allowed, and ihp whole eiuhank- 
s to be carrieil up evenly so as lo make a compact and solid foundation. 



All pipes ovei eight inches in diameter shall be laid with a straight 
3 ne end of Ihe straight edge shall be placed on the nearest grade peg 
aad the olher oo Ihe flow line of the pipe already laid, aud the pipe shall be so 
ailtusted as to be in contact with Ihe straight edge throughout Its lee^lb 

All pipes eight inches and less in diameter, encept house branches, shall lie 
Uid in the lollowing niaaner: A mason's line shall he lightly sirelrbed parallel 
lo the grade and slightly above the sockets of Ihe pipes. This line shall L>e 
suppiiTled over Ihe centre at dislances ool greater than iwenly-five (eet apart. 
The eiacl grade for each pipe shall be obtained by measaring down from this 



uthei 



rl of <l 



47 Especial 



laken I. 



y the pipe lo Ihe e 



I grade and 



48 All pipes, prev 
together and malchet!, si 

1 smoolli line of pipei. No pipes shall be 
)l fit Iruly shall be rejecled. 



being lowered into Ihe Irench, shall be 
;□ joined in ihe trench ihey may form a 



lich do a 



49. A guhet of oakum or other 
preaMd into the joint around ibe 




approved by the Hnginee 
rcumference of 1 he pipe t 
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vent the entrance of cement to the inside of the pipe. No joint shall be 
cemented until the gasket of the next joint in advance has been completed. 

50. The cement shall be pressed into the space between the socket and 
spigot so as to entirely fill the space, and the bevel joint at the end of the 
socket shall be smoothly and evenly made. Special care must be taken to 
make perfect joints at the bottom of the pipe. 

51. The excavation made for the socket of the pipe shall be filled with 
sand to support the cement firmly in position.. 

When the joint is completed great care must be taken not to disturb the 
pipes. 

^ CEMENT. 

52. The cement for filling the joints shall be pure fresh ground 

cement, of best quality, with only enough water added to give it the proper 
consistency, and shall be mixed only as needed for use. 

BRANCHES. *'T*S." ETC. 

53. The "Y" branches. "T*s." lamp-holes, hand-holes, and man-holes 
shall be placed at points indicated by the Engineer. They shall not be covered 
until he has noted and recorded their exact position. The "Y" branches shall 
be elevated to correspond to the lateral sewers and house drains entering them. 
They shall be closed with' an earthenware cap, and the space above the cap 
shall be iWled with sand, covered with a thin coating of cement. 

SPECIAL PIECES, 

54. SjHKrial pieces, such as Y branches, curves. T's, etc , shall be made 
accoivling 10 drawings furnished by the Engineer. 

>K\VKKS TO BK KBinT CLEAN AM) FREE FROM WATER. 

5s .Ml the pijH^s must be kept thoroughly clean, and no water will be 
.ilKnved 10 tUnv through them, during the construction of the sewers. 

5(> \\ hen tlie trench is left for the ni^hi. or the pipe-laying is stopped by 
i.un storms v>r an\ other cau>e. the en«.is of the pij^^es must be closed water-light 
with bncks .\nv\ cement 

s- When runnir.4: quicksand or other treacherous ground is encountered, 
ihe work shall ly c.i:ried on viav an.: night shouKl the Engineer so require. 

>^ \\ :ve'.^.e\er ot.'.etevi In ti.e Fnc r.eer :n writing, the contractor shall 
e\va\a'.e tv> n-.u-'- «ietvh iv'^^.v g-. a^'e as ihe Kngineer raay direct, and the exca- 
\ av^i\ vi .i . In- '>:. ;g;-.t to c^avie w.th suv^h rrtater-.a'. as shall be ordered by the 
\ j; .'.vN'. .V:* e\:r.v WvtW to Iv ra^d to: uix^n the e<:tmate of the Engineer. 



lAP. VIII. 



SPKaFICATlONS AND CONTKACT. 



J9. It the coDtraclor encavalei below grade wjlboul orders, b« will be 
inired. at bis own eipeose, to fill the eicess oF excavation wilb aacb material 
B Engineer may direct. 

Concrete foundalions shall be placed under the diiBh-tanks and man- 



(']. When blasting is resorted 10 for making the excavations, itae trench 
shall be croverc-d carefully on lh« top and sides with heavy limben and plank, 
IL> prevent Iragmenls of rock from being ibrown out 

In rock cut, the cock shall be taken oui of the trench to a depth of tour 
inches below the bell of the pipe when laid The retailing from the botlom of 
the trench to one foot above the bell of pipe shall he ai earth, free from stones, 
or such material as shall be approved by the Engineer. 

6i- All damages or injury to persons or prnperty resulting from blasting 
operations, or from neglect in properly guarding the trencher, must be paid by 
the contractor, and no compensation to said contractor for losses thus incurred 
will b« allowed. 



6}. Lamp-boles shall be c( 
verlically in the sewer, and brii 
face by adding pipes of the sam< 
ptolecled by cover, as shown In 



ly placing an eigbl-inch "T" branch 
to witbin one fool of the street sur- 
Tbe top of Ibe lamp-bole shall be 



64 Tbe man-holes shall be constructed o£ hard brick, laid in cement 
mortar, and plastered uulside with cement mortar and washed inside with pure 
cement The thickness of the wall shall be eight inches The form shall be 
a Irnocated cone (see drawings). The buttam shall be formed of concrete, and 
the top of the concrete shall be on a level wiih Ibe bottom of tbe sewer pipe, 
and tbe top of the cover on a level with the street surface Particular care 
must be taken in forming tbe bottom of man-boles to make the curves of tribu- 
tary sewers as easy as possible. Tbe top shall be covered wnb a perforated 
cast iron cover, wilb dust pan underneath. iSee drawings. ) 



Sj. Flash-tanks shall be constructed of hard-burned bricks, carefully laid 
in cement mortar, so as to be water light. They shall be plastered outside and 
inside with cement mortar. \For form, siie and details see drawings.] 

66 Tbe emptying device for the flush tanks shall be selected and pur- 
chased by the Commissioners and shall be pro|ierly set bi the conuaclor. 



L 
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67. The water supply pipe, within the flash tank, and ext^ding through 
the wall and one foot outside of the wall, together with a suitable brass stop- 
cock for regulating the water supply, shall be furnished by the contractor. 

BRICK MASONRY. 

68. None but the best quality of whole, sound, well shaped brick, burned 
hard entirely through, shall be used. They are to be culled when delivered 
upon the ground, and all bats and imperfect bricks are to be immediatelj 
removed from the work. 

All bricks are to be thoroughly wet immediately before laying. Every 
brick is required to be laid in a full and close joint of cement mortar, on its 
beds, ends, and sides, at one operation. In no case is mortar to be slushed in 
afterwards. 

CEM£NT MORTAR. 

6g. All cement mortar for man-holes, lamp-holes and concrete, shall be 

made of best quality of fresh ground cement and clean sharp sand. 

in the proportion of one measure of cement to two of sand. The sand and 
cement shall be thoroughly mixed dry, and such quantity of water added as to 
form a paste of the proper consistency. All mortar shall be fresh for the work 
in hand. No mortar that has begun to set shall be used. Every facility for 
inspecting and testing the cement shall be furnished by the contractor. 

CONCRETE. 

70 The concrete used on the work shall be made of three parts of cement 
mortar (made as described) and two parts of clean gravel, or broken stone. It 
shall he quickly and thoroughly mixed, and immidiately deposited in place. 

M.\TERI.\LS. 

71. .Ml materials shall be furnished by the contractor, and shall be sub- 
jtHt to insiHH.'tion and acceptance by the Engineer. 

I.KNr.TH OF SEWER. 

7-v The length of the sewer will be measured on the centre line of the 
compU'tevl sewer 

INrEKrKET.xnON OF TERMS. 

-3 \Vheie\er the uv^rd ' Coinnussioners " is used in these specifications. 
u sh.iU l>e held 10 inoaii the Ivvir.i of Sewer Commissioners of the Citv of 



\Vlu»ro\er :he wor.l l-ngineer is iisovi. i: shall l^ held to mean the Engi- 
n VI in ch.ir»;e v^f the sewers or his .n;lhori.'eJ assistant. 
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Wberever tha word -'Contractor' is oied, it shall be held to mean Either 
any contractor or firm of CDOWactots. or any member ol a firm, cooiracting tor 
work herein specified. 



74. The C'Qlraoor shall start the work at such points on ibe line oF the 
sewer as Ibe Engineer may from time to time direct, and shall progress from 
the outlet, or towards the outlet, al (he option of the Engineer. 

75. No pipes or masonry shall be laid io freeiing weather. 

76. None of the work ahall be snb-lel without the permission of the Com- 



77. The con trac lor shall also do such b» Ira work in conneciioo with his 
■T'ltilracl as ihe Fngineer may in writing specially direct, and in a fitsl-class 
. I leaner, but no claim for extra work shall be allowed unless the aune was done 
1 1^ pursuance of a written order, as afore.'iaid. to do the work as such and the 
< laim presented at (he tirst estimate after the work was done. Extra work 
shall tie paid for on a basis of 15 percent, in advance of lh« actual cost of 
lalx.ir and material as dsiermined by the Engineer. 

78 Although the Engineer may assent Io special mean a lor prosecuting 
work in dilEcull case;, tbis will not relieve the contractor of the responsibility 
as 10 Ihe result 

7v. The contractor upon being so directed by the Enj^ioeer, shall remove, 
or rebuild, or make good, at his own cost, any work which Ihe latter shall 
decide Io be deficiently executed 

80. No work shall be covered until it has been esamioed by the Engineer 
or inspector, 

81 The Contractor will be required lo observe all City Urdiuauces in 
reUtioQ to obstructing streets, keeping open passage ways and pTotecliog the 
same where exposed, and, generally, lo obey all Ordinances. Rules and Regu- 
lalioDS controlling or limiting those engaged on the work 

82. Al the suspension of any work the trenches shall be filled and the 
slreet left clean and tree for travel 

S). The contractor shall give notice in writing, at least iwenly-four hours 
before breaking ground, to all persons (Superinteudeuls. Inspectors or olher- 
wiseWn charge of property, streeu, gas pipes, water pipes, railroads or other- 
wise, thai may be affected by his operations. .\nd it is farther agreed that the 
said part of the second part shall not cause any hindrance 10 or inter- 
ference with any such company or companies in protecting their said work, bul 
thai the said pan of the second part will suffer the said company or com- 
panies (o take all such measures as they may deem necesury for Ihe purpose 
aforesaid. 
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84. The Commissioners shall have a right to make alterations in the line, 
grade, plan, form or quantity of the work herein contemplated, either before 
or after the commencement of the work. If such alterations diminish the 
quantity of work to be done they shall not constitute a claim for damages, or 
for anticipated profits on the work dispensed with; if they increase the amount 
of work, such increase shall be paid for according to the quantity actually done, 
and the price or prices stipulated tor such work in this contract. 

85. If any person employed by the contractor on the work shall appear to 
the Engineer to be incompetent or disorderly, he shall, on the requisition of 
the Engineer, be immediately discharged, and such person shall not be again 
employed upon the work without the permission of the Engineer. 

86. The work embraced in this contract shall be begun within da>-s 

after the award of this contract, and carried on regularly and uninterruptedly 

thereafter, with such a force as to secure its full completion by 

; but should the work be delayed or interrupted by the City, after the 

service of such notice, the contractor shall be entitled to an extension of time 
equal to the time of such interruption o^ delay, which shall be determined by 
the Engineer: the time of beginning, rate of progress, and time of completion 
being essential conditions of this contract; and if the contractor shall fail to 

complete the work by the time above specified, the sum of per day, 

for each and every day thereafter, until such completion, shall be deducted 
from the mone\'s payable under this contract. This sum shall be in addition to 
any |"»enaliies otherwise specified. 

S7, No charge shall be made by the contractor for hindrances or delay 
from .my cau-^e during the progress of any portion of the work embraced in 
I his v'on tract 

SS No variation from the regular prices named in the proposal will be 
inavle or allo\vt\1. whetlier the material through which the trenches are exca- 
\ated is hard v>r soft or whether i: is compv>sed of rock, boulders, walls orcora- 
nu'^neaith The Ho»ird v^f v^ity <\^r.imissioners will not consider themselves 
Ivun.l to Uv^tifx or -.nfv^: n^ contractors where material that is hard or exp)ensi\e 
tv* r\ca\.>ic vvc;:rx v>r w •.".". l^e '. ab> to iv encountered. Furthermore no com- 
o< nN,*:!v»:*. tv^; :n"cl\.r.c /.cr.e :n evcess ci :he orders of the Engineer will be 

S- \ v^ A tx >.:'.': -i'a >i\; ' tv fv.i 'c\ e.: on :he work at night whenever in the 

•.,.-.v- . .; *. IS >■ 1 ■ .^^ \;:/. :." a iv:ni just within the curb lines 

;:-, : 'v ^'^v > A ■ . ::v: 

.' ^j'. : •• ^«' ;v: .^~ :re Frcinecr and contractor as to 
;v "^ : . r J.Axv •<- -.>:v ^ja: ^-^cs :* aav point, or as to the 
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i AND CONTRACT. 



And ihe said 

', hereby eipressly biods himself t 

C'ny of from all suits or acti 

broa^hl against Ihe said Cily, for, pr on a< 
received or sustained by any party or parlie; 



indemnify and save harmless tho 
IS ot every name and description 
3UDt of any injuries or damages 
y or from the said 



«rvant« or agents, in the 

iny negligence in guarding Ibi 

lonslruction, or by or on accou 



ols 



IS ayec 



id work, or by or in consequence o( 
iny improper materials used in its 



93. Said part of ihe second part further agree, .thai in case of failure to 

famish materials or execute (he work in accordance with the plans and specifi- 
cations lo the 5alis(aciion of ihe Engineer, or to proceed with the same as 
rapidly as the said Engineer shall direct, (hat it shall be lawful tor the said 
Sewer Commission, after three day^' written notice ol their intention so 10 do. 
by serving Ihe notice on the part. . . . ot the second part either personally or by 
leaving a copy al ..... iisuat place of business or residence (and if said party 
of the second part consist of more than one person, ihen by such sen-ice upon 
either of them), and al Ihe expiration of an additional ten days thereatler to 
cancel said contract, and relet Ihe same, or proceed to complete Ihe work by 
ihe purchase of material and (he hiring of labor; and if ihe sum so paid for Ihe 
completion of Ihe said contract shall ciceed the sum doe the part. ... of the 

second pari under this contract, then the said part of the second part 

and sureties shall become liable to the parly of Ihe first part for any 

sum by which the expense of so doing the work shall exceed the sum doe under 
this contract as liquidated damages, and not by way of penally, and the said 
contract shall thereupon become void, as to the pan, ... of Ihe second part, 
except as to any right of action which may have accrued to the party of the 

first part against Ihe part of the second part and sureties for not 

properly proceeding wlih and completing the work. 

94 In consideration of the completion by said party of the second part, 
oi all the work embraced in this contract, in cunlorniity with the speclficatioiia 
and stipulations herein contained, and in strict accordance with Ihe inslrnciions 

of the Engineer, the City of party of the first part, hereby 

;if;rees to pay lo the uid parly of the second part, the prices named in the 
ich is hereto annexed, and which is hereby made a part ol this 



9J. Payments tor Ihe work shall be made n 
the Engineer Ten per cenl. of the amounts due 



nihly upon the eslimate of 
(ill be retained as a guaran- 
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tee against poor workmanship and materials. One-half of this reserve will be 
paid as soon as the work is completed and accepted and the balance at tbe 
expiration of one year after the acceptance of the work. 

/// Wiln^fss jy hereof, the City of has caused its name 

to be affixed by thereunto duly authorized, 

and the said ^ party of the second pan 

h hand, the day and year aforesaid. 

Attest : 



[form of bond.] 

BOND. 



A'f:i>:<.' all Men hy these Presents, 'Jlnit we , 



are held and firmly bound unto the City of 

in the sum of Dollars, lawful 

money of the United States of America, to be paid to the said City of 

or to its certain attorney or assigns, to which payment, 

well and truly to be made, we bind ourselves, our heirs, executors, and admin- 
istrators, and each and every of them, firmly by these presents. 

Signed and sealed with our seals, and dated at 

this day of i . . . 

Tite Condition of t''.i< Oi'li^otion i> >u,h. That Whereas, the said 

ha ... . 

entered into a contract with the city of 

bearing date the day of i which 

said contract is hereunto attached. 
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Now^ Therefore, If the said 

shall well and truly keep and perform all the terms and conditions of said 

contract, on part to be kept and performed, and shall indemnify 

and save harmless the said City of , 

as therein stipulated, then this obligation shall be of no efifect. but otherwise it 
shall remain in full force and virtue. 

L. s. 

L. s. 

L. s. 

L. s. 



CHAPTER IX. 

CONSTRUCTION. 

Before staking^ out the line it will be necessary to find 
out the location of whatever gas, water, and sewer pipe may 
have been previously laid. This is not always easily accom- 
plished. Work of this kind is frequently done under the 
direction of the so-called ''practical man," who scorns 
"theory and science," and whose sublime confidence in his 
own abilit\' is only equaled by his capacity for eng'ineering 
blunders, as exhibited in bad plans and worse construction. 

One of the most annoying" tbingfs to be met with in 
locating" sewers is to find water and gas pipes running hap- 
hazard through the streets, having been put down without 
system or sense, and worse than all, to find that no map or 
record of their location has ever been made. 

Importance of Record. — The value of the work will 

larj^ely depend on ihe facility and accuracy with which the 
exact location, laterally and vertically, of every part of the 
system can be indicated: and hence in the construction notes 
such methods must be used as will be rapid, accurate in the 
g"reatest possible desjrree, and least liable to mistakes in 
record inyf. 

The followiniT described methods have been found to 
irive iTood results: 

Alignment. - First, let the centre line of the sewer be 
located carefully on the i^fround with a transit, makins: a 
study, as ihe 'lino is extended, of the map of gas, water and 
sower pi]>os previously referred to. 

All measurenunts should be made with a steel tape, and 
.i\\ notes made to the centre line of the sewer as run. 
Since it would be im]v>ssiMe to preserve this line, however. 
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during the cunstructjoi], no stakes need be left In it. but 
stakes should be set to the right or left a iinitorm distance of 
ab<mt one foot greater than half the width of the proposed 
trench. This will bring them within the space on the bank 
usually left clean for the workmen to pass and repass in 
handling material, etc. The position of stakes is shown in 
I'latc 1. 

The stakes should be set at uniform distances of about 
iweniy-five feet apart. They should be about one inch 
square in section, stjuare on top, and of such a length that 
ihey can be driven flush with the surface of the street. 
Where extreme accuracy is required it will be well to Indi- 
i-iitc the precise point in the stake by a tack driven into its 
I.ip; but ordinarily, with the size of stake indicated, this will 
lie unnecessary. The offset line should uniformly be taken 
.in the same side to avoid confusion, and the notes should 
indicate the side on which it is taken. 

Reference Points. — The line is best located by observing 
to the nearest tenth of a fot»t the station which is intersected 
by the prolonged lines of brick walls or other permanent 



Fig. 3. 
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lines which are clearly defined, and also the distance from 
the corner of the building", the line of whose wall is pro- 
long'ed, to the centre line of the sewer at the station observed 
as above. (See Fig, 3; the prolongation of the brick wall 
intersecting^ the true line at station 640.4, and being at this 
point 87 feet distant from the corner of the building-.) This 
will be found a much more satisfactory location than the 
ordinary method of tie lines or focal co-ordinates, requiring 
less description in the notes, and giving a sharper determi- 
nation of the point. It may be supplemented at street inter- 
sections and changes in direction, however, by the latter 
method with advantage. 

Two rules should be kept in mind in this method of loca- 
tion, vh,: Never record a measurement to the offset line, as 
it is only for use temporarily. Never leave a permanent 
stake in the true line, as it mav lead to confusion. 

There will be no difficulty in finding the offset stakes, 
even though they be driven flush with the surface of the 
ground, as, having a starting point, nearly the precise loca- 
tion can be determined by measurement. When the streets 
are paved with stone pavement, a block can be removed and 
the stake driven, and then the stone replaced. 

At changes in direction, the angular deflection should he 
recorded, and also the location of the intersecting tangents, 
with reference to j)roniinent and permanent objects. 

Curves. — When the angular deflection is slight, no curve 
will be required in the original location on the ground, but 
the notes should give the offset to be made from the inter- 
section of tani^ents, and from short stations equalU^ distant 
from it on either side. ^Fhe exact location of the centre line 
can then be determined by drawing a tape on the tangents 
either way from the intersection of tangents, and measuring" 
the offset required from the proper points on the tape, with 
an offset rod. 
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I When the angular deflection is considerable the curve 
vld be run by transit or chord deflections in stations of 
r-tive feet. Intermediate points can be interpolated in 
Istruction by ordinates from the chord. 
I The method above indicated, when faithfully pursued, 
I enable ua to replace any point in the transit line with 
tcision. 



Transit Notes.— The transit notes should indicate 
approximately the distance from the sewer line to the build- 
ings on either side, where they stand hack from the street 
line. This may be taken by a good transit man with suffi- 
cient accuracy by the eye. aided by an occiisional measure- 
ment. 

The intersection of both lines of all crossing' streets 
should be noted by station on the transit line, and also the 
iiffset from the transit line to angles in the street line. All 
crossings of streams should also be taken, and whatever 
notes are necessary to completely determine and indicate the 
physical characteristics of the territory. 

The location should proceed from the outlet upward 
toward the higher levels of the system, and the various trib- 
utary branches should be tied to one another and to the main 
lines as often as possible, as a check on the work and as a 
^uide in platting the finished map. 

» Level Notes.— The transit party should be followed by 
leveler and assistants. The surface elevation should be 
en on the true line, which can readily be obtained from 
the stakes left by the transit party by an ofTset measured by 
the leveling rod, cjr in ordinary cases can be determined with 
sufficient accuracy by the eye, after a little practice. The 
levels should be carefully checked at each bench-mark, as 
described on page 61. In cases where there is a sharp 
transverse slope to the surface of the ground, or when the 
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buildings on one side of the street are considerably elevated 
or depressed below the street level, this should be carefully 
noted, and also the depth of basements, and any conditions, a 
knowledge of which will aid in giving* a proper sewerage 
system to each building. 

The level of all streams should be taken, and so far as it 
can be ascertained, the approximate level of the ground 
water. This can be ascertained with tolerable precision by 
observing the condition of wells bordering the street, when 
such can be found. The levels of water in th6se should be 
taken at intervals, and on both sides of the street, as the 
subterranean water surface may have a sharp decline in the 
direction of its natural drainage basin. 

In cases where it is probable that the construction work 
will shortly follow the adoption of a plan and where the 
physical character of the territory is sharply defined, and 
the drainage lines are apparent on a superficial inspection, 
the preliminary and final survey may be combined in one 
with economy. 

Profiles. — The transit and level notes being complete, 
profiles of the several lines should be made to a large scale, 
showing the surface and grade lines, intersecting streams, 
etc. It will save the engineer much annoyance if the con- 
tractor be furnished a duplicate of the profile or a statement 
of the cuts at the several stations as he can then intelligently 
plan his work from the outset w^ithout further questions. 
The ordinary profile paper, known to the trade as Plate A, 
will be found suitable for this work, and a convenient scale 
will be one foot vertically for each one-fourth inch, and one 
hundred feet horizontally for each tw^o and one-half inches, to 
which the Plate is adapted. Cuts can be taken from this 
scale with tolerable accuracy, and they will serve as a check 
on those found by computation. 
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Working Map. — The plan being- definitely decided upon 
the profiles made as described, a rough map should be 
e for use in cunstruction, showing- position ami size o 
fers, location of man-holes, lamp-holes, flush tanks, and 
r accessories, and kept in the office for convenient refer 
: durmg the progress of the work. 

Mote Books. — Each constructing engineer should be fur 
led with a field book, arranged something as follows: 
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The four columns at the left should be filled from the 
B in the office, and the construction notes should be 
D as the work proceeds. 

Construction.— It is generally best to commence thecon 

Wtion at the outlet and work toward the higher levels 
n this is done, the spigot of each pipe is easily inserted 

le socket of that already laid. There is also no tendency 
le pipes to r/vfa'/away from the work or to open at the 

ts before the cement may be entirely set. 

In some cases, however, where the grades are flat, and 
r is found in large ijuantities in the trench, the pipes 
be laid from above downward with advantage, as the 
r can thus be drawn away from the pipe into the lower 
B of the trench and then pumped out without interfering 

trially with the laying of the pipe. The pipe should be 

in each case with sockets up or toward the summits, and 

- -I 
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Spigots down or toward the outlet; and when the work pro- 
ceeds from above there is more difficulty in making- proper 
joints and in inserting the gasket. 

The pipe should be supported entirely on its cylindrical 
part, as shown in Plates I and X, a recess being formed to 
receive the socket and the cement joint. 

Pipe Laying. — The organization of the gang for work 
mav be as follows: 

The earth can be removed from the trenches to a depth 
of about the centre of the pipe by common laborers. The 
pipe laying gang should be preceded by men trained to the 
purpose, whose business it is to shape the trench for the 
pipe. In laying the smaller sizes, the pipe layer will need no 
helper in the trench, but can receive the pipe from his helper 
on the bank, and place them unaided. In la\Mng pipe of 
larger size, he should sit or stand astride of the pipes already 
laid, and his assistant should receive the pipes from above 
and assist in placing them. 

The joints should be cemented by a person speciallv 
trained for the purpose. This can best be done by the 
hands encased in rubber mittens or gloves, and they should 
be wiped something as a plumber wipes a joint. 

After the joints are cemented, the pipe should be care- 
fully bedded, and all Y branches carefully packed and cov- 
ered by a trusty man in advance of the regular back-tillini: 
g"ang-. 

When the depth of excavation is considerable, and the 
streets narrow, or the buildings close to the street line, Y 
])riinches should be more elevated than when opposite con- 
ditions are found. 

\^arious mechanical aevices have been proposed for 
ensurin*^ the concentricity of the pipes. It is doubtful if 
they are of any <^reat benefit, however. Pipes which are not 
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truly formed should be rejected. Pipes which have too 
loosely fitting spig'ots and sockets should also be rejected, as 
any imperfection in form is less apparent and the axes of the 
pipes when laid are less likely to coincide. Since the flow 
rarely rises above the horizontal diameter of the sewer, 
particular fare should be taken to have its Invert as perfect 
as possible. 

With good manajfement on the part of the contractor, 
sewers of vitrified pipe of small diameter, laid in trenches of 
the depth usually necessary, can be laid much more rapidly 
than sewers of larger diameter, the rate of progress being 
limited in either case by the work of one gang of pipe layers 
• ir brick lavers. Rapid and carefully systematized work by 
the engineer is therefore required, who should take personal 
charge, as the decisions constantly needed In its progress, 
the locating and recording of junctions and similar work 
cannot be left to an inspector. A sufficient number of junc- 
tions should be inserted to meet all future demands. Con- 
nections by cutting into the pipes where no junctions are 
placed can be made with about the same facility as if the 
pipes were of plate glass, and if so made will ruin the 
sewers. A perfect record of everything pertaining to the 
work should be made for future reference. 



Depth. — The depth to which sewers should be laid in 
the street will be determined by local conditions. In the 
closely built business portions of towns, however, where the 
g-round floor space is valuable, property owners frequently 
desire to place water closets, urinals, laundries, etc., in the 
basement, and although this is not a desirable place for them 
it sometimes becomes necessary to adopt this course as the 
lesser of two evils. 

Pipes should never be laid under basement floors when 
'I can be avoided, but should enter the basement just above 
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the floor and be supported by substantial iron brackets or 
hangers. 

In cases where it is necessary to locate plumbing fix- 
tures in basements the following" will be a reasonable allow- 
ance for the depth of the sewer in the street: 

Depth of basement below street level 9 oo feet. 

Inclination of bouse sewer, 1-60 (50 feet) 83 

Diameter of street sewer (8 inches) 67 

It will often be impossible to secure the desired depth. 
The problem then becomes to secure the maximum depth 
consistent with requisite grade, etc. 

It is advisable in all cases to keep the sewers at least six 
or eight feet below the street surface in northern towns, to 
avoid water and gas service pipes and mains. 

There is little danger of sewers freezing*, even though 
they be laid quite near the surface. 

Grade Line. — The pipe should be laid to line and grade 
indicated bv stakes driven in the bottom of the trench, the 
lop of the stakes being to exact line and grade. These 

slionld bo Nol in advance of the final shaping* of the trench, in 
1)10 fi»llo\\in4»' manner: The line is determined by laying an 
otY^oi roil across the trench at the offset stakes, which were 
xot in llio tinal Kvation, and setting the stake in line by a 
phiinb-bob, Tlio slake should be driven to grade by a self- 
r^'adinv: rod» road dirootly from the level whose elevation 
abo\i^ liio assumoil daUim should be carefully checked at 
\ ax \\ U<\\y\\ uiartx. Nv^ soiiiniT of grade pegs by measure- 
\\\\\\\ xM V ui^ irotr. tho surface should be allowed. A con- 
\xnuM\i auxl vl\oai» inhI s xh.^wr. in Plate I. Sixteen feet will 
's^ •.lUMul a xoiUviVv ',*: '.o^.i;':':*. 

^5«aoi\\*: ai'vi Shcot Piiin^:. In many soils it will be 

.: t'r-v trench from cavinyf M 

\ . X ;. i: .: :::eth >d of doing this i> 

' *.* ..-.v '. \'. / *x r.-r. screws will be ft»und 
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treat skiving over the ordinary method of cutting timber 
pres, which, in many cases, can be used but once, and are 
Ible at any time to become loosened. The iron screws can 
used any number of times, will fit any width of trench 
hin reasonable limits, can be quickly placed and remnved, 
ut jarring the trench, and can be tightened at any time, 
ut the trouble and risk of removing a short one and 
«rting a longer one in its place. One hundred screws of 
flrted lengths make a fair outfit for one gang of pipe lay- 
in ordinary work. 

The method of bracing and sheet piling can be better 

tierstood from a study of the drawing than from a written 

ription. It requires considerable experience to place it 

1 remove it quickly and without damage to the material. 

' the use of this method of bracing and sheet piling, the 

riest sand and gravel can bo excavated about as cheaply as 

sufficiently tenacious to support itself, in trenches 

fcceeding seven or eight feet deep, though the sides of the 

Itter need no protection. 

The drawing shows two rows of piling; these can be 
(Creased to three or four, or still more, if necessary. 
J to a depth of eight or nine feet one row of piling, in con- 
ictinn with the horizontal planking, will be sufficient. 
The following bill of materia! may be of service; 

SINGLE ROW OF SHEET PILING. 
This will be sufficient up to a depth of eight or nine feet. 
Each section of sixteen feel in length requires the fol- 
wiag material: 



10 pie. 
36 ■ 



s 2x1'), Hi feet long. 
IxlU. 7 •' 
^x 8, 7 " '• 
3x d, itt " 
3x «, 1 •' 



550 feet B. M. 



170 THE SEPARATE SYSTEM OF SEWERAGK. 



IKON SCREWS. 

2 screws 36 inches long* (closed). 

2 '' 30 " " 

2 '' 24 " " 
The above bill requires a trench four feet in width at 
the top, and g-ives a clear space at the horizontal diameter of 
the pipe of forty inches, and between the horizontal timbers 
a clear space of thirtj-four inches. This will be sufficient 
for a pipe eighteen inches in interior diameter. For larger 
sizes the leng-th of the screws must be increased, and for 
smaller sizes the trench may be somewhat narrower. 

DOUBLE ROW OF SHEET PILING. 

This will be sufficient up to a depth of thirteen or four- 
teen feet. 

Each section of sixteen feet in leng'th requires: 

LUMBER. 



10 pieces 


2x10, 16 feet long-. 


72 *' 


1x10, 7 " " 


s 


2x S, 7 '* 


s 


8x t>, 16 '* 


i\ '* 


3x t?, 1 '* '' 



S20 feet B. M. 



IKON SCKKWS. 

1* screws M inches long v*^'losed\ 
1 ** :>() 

»> »» 11 »» •» 



The above bill is tivrnred for a trench four feet wide at 
the lop, and irive^^ a clear sjxice at the horizontal diameter of 
the pipe oi thirty inches, and a clear space between the 
lower hv>ri.v>nta' limbers of twenty-four inches. This will 
be sutVicient tor pitn^s ot twelve inches in diameter and less. 
1'\m- larii'er ^i. e^ the width ot" excavation should be increased. 
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In heavy ground the length of the horizontal timbers 
py be reduced to fourteen feet or twelve feet with advan- 
an extra set of uprights may be used, dividing the 
^teen ftwl sections into thirds instead of into halves. 

Inspection of Material, ^All sewer pipe should be 
inspected as fast as it is delivered at the work, and imperfect 
pipe should be plainly and indelibly marked and immediately 
removed. The engineer should also carefully scrutinize all 
pipes as they are passed to the pipe layer, making sure that 
none which may have been broken since the formal inspec- 
tion are laid in the trench. The subsequent breaking or 
giving way of a single sectiqn of pipe may cause a great 
amount of damage. 

All other material should be inspected by the engineer 
in a similar manner, and that which is unfit for use promptly 
removed. 

Location of Y Branches.— Property owners should be 
consulted as to the position in which they wish their Y 
branches placed, and it would be well to send them some- 
what in advance of the construction a printed notice. If no 
return is made by the property owner, the engineer should 
locate the junction as appears most convenient for the prop- 
erty. 

The position of all Y branches should be located by 
station, specifying whether they are north or south, east or 
west. Any other location is unnecessary and confusing. 
The location is best made from the centre of the opening, as 
shown in Plate I. This should be taken to the nearest tenth 
of a foot, and a plumb-bob should be used to transfer the 
point to the surface. 

Artificial Foundation. -When very treacherous soil is 
encountered it will be necessary to support the pipe on arti- 
ficial foundation. When soil of a less treacherous nature is 
encountered it may be sufficient to remove the soil sitmewhat 
jelow the grade line and replace with clean gravel. 
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Where artificial foundation is used as a support for pipe 
rs the arrangement should be such as will give a uni- 
form and continuous support to the pipes throughout their 
length. If they are not supported in this manner they will 
be likely to fail in trenches of any considerable depth. 

Sometimes blocks are used to support pipes in wet 
trenches, the pipes being laid without bearing upon the 
earth except as a bearing is secured by filling and tamping 
after the pipes are in position. Although it is possible m 
secure a proper foundation in this way in some cases, it is 
usually a dangerous method since upon the settlement of the 
trenches the blocks are likely to take more than their proper 
share of the bearing. 

The ideal condition is that in which the lower semi-cir- 
cumference of the sewer rests uniformly upon an unyielding 
support. When this cannot be secured an effort should be 
made to support it in such a way that the settlement will be 
as little as possible and the support will offer a uniform 
resistance to the sewer at all points of its length. 

Under some conditions a cradle such as is shown in 
Plate III may be used with advantage. In case the cradle is 
used as a support for pipe sewers a layer of sand or gravol 
should be interposed between the cradle and the pipe to di--- 
tribute the bearing. 

PLATE in. 
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ParticHlar care should be taken to secure a firm founda- 
ion for man-holes, flush tanks and lamp-holes, as their 
jreater weight may cause a settlement which will break the 
ppes. 

Man-Holes. ^Man-hotes should be built with an eight- 
inch brick wall. They should be plastered outside and 
inside. The iron cover with which they are surmounted 
should weigh from 300 to 500 pounds. The style shown in 
Plate IX has given good satisfaction when made to weigh 
' pounds. It has the following advantages: The least 





Cast-iron head and dust pan. 
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possible surface is exposed to traffic. The impact of pass- 
ing* wheels comes well within the base. The interior down- 
ward projecting- rim prevents any loosened brick from fall- 
ing into the sewer. 

It is usual to hang a dust-pan below the perforations in 
the cover to catch the street detritus which may work- 
through them. With good grades, however, there will be no 
danger of stoppage from this source when they are omitted. 

The miethod of forming the bottom of man-holes to pre- 
serve the proper cross-sectional form of the flow is shown in 
section. The method of connecting a sewer of small diam- 
eter with a larger one is also shown. Unless particular care 
is taken in forming these curves, solid matters will be 
stranded in the man-holes and become offensive. The best 
practice favors connecting pipe sewers at man-holes with no 
curves outside of the man-holes. 

Iron steps may be built in the wall, or a light portable 
ladder used in ascending and descending. The steps are 
most convenient, but are liable to collect street detritus fall- 
ing from above. 

Flush-Tanks. — Flush-tanks should be built with an 
eight-inch brick wall, and plastered inside and outside with 
cement mortar. The upper courses of both man-holes and 
flush-tanks are exposed to the action of alternating frost and 
moisture in an unusual degree, and to the constant impact of 
vehicles, and with the best of material a four-inch wall is not 
sufficiently durable. 

The interior of the flush-tank should be connected 
directly with the sewer, independently of its discharge, by a 
pipe of large diameter, as shown in the chapter on Flushing 
and Ventilating-. This will induce a current of air flowing 
alon^ the crown of the sewer from the lower levels to pass 
into the tank and out throug-h the perforations in its cover. 
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:o otber protection iigainst frost is needed. This i» also a 
Atcrial aid in the ventilation of the sewers. All flush-tanks 
iould be supplied with a dust-pan. 

The various tvpes of flush-tanks will be more fully di&- 
a»sed in the chapter on Flushing; and Ventilation. 

L>amp'Holcs. ^Lamp-boles should have a concrete bed 
nder them to prevent settlement. They should be carried 
p as the trench is filled, and care must be taken to keep the 
ictions vertical. 

Care must be taken in locatio}; man-holes, flush-tanks 
id lamp-holes to avi>id gutters, crossings and other objec- 
Miable locations. 
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Outlets. Outlets should be arranged to discharge the 
sewa^fe in mid-ciirrcni where possible. This is particularly 
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essential in the case of broad and shallow streams with low 
banks and can usually be accomplished by a submerfired iron 
outlet. 

Such an outlet in process of construction is shown by 
the photo-engravinjfs. Plates XI and XII. 

In this case the position of the outlet is very fortunate, 
being on a point of land between two confluent streams one 
of which can be seen at the right and the other at the left of 
the picture in Plate XII. 



PLATB XIV. 




OUTLET CHAMBER WITH RELBIF OVERFLOW, 



PLATS XV. 
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House Sewers. — Experience with sewers of the Sepa- 
Ete System demonstrates that stoppages in the house 
'' sewers are much more frequent than in the Interals; and the 
point in the house sewers which is particularly liable to 
ohstructiim is at the junction with the street sewer. Partic- 
ular care should, therefore, be taken in the construction at 
this point. The Y branch should be properly elevated so as 
to bring the invert of the house >*ewer above the ordinary 
flow tine of the street sewer, as shown in Plate XVII. The 
curve should have a sharp grade and particular care should 
be taken to have the spigots put squarely into the sockets 
and the gasket well placed. Xo cutting and trimming of the 
pipe should be alli>wed, as it is impossible to make smooth 
joints of terra cotta pipe in this way. Curved pipe always 
warps unevenly in the kiln, and from an ordinary stuck 
there will be no difficulty in selecting a curve suitable for 
any reasonable case. Three or four of thewe. slightly 
vu.rying in radius should always be at hand. 

A very common defect is to allow the centre or belly of 
the curve to drop down and open the joints before they are 
hardened, or to do the refilling in such a manner that the 
subsequent settlement of the trench breaks the joints or 
pipe. This can be avoided by thoroughly ramming the 
earth up to the boriaontal diameter of the curve as it is laid 
and water-tamping or ramming in layers above this. 

House drains can be very accurately laid in favorable 
trround with an ordinary carpenter's level placed on each 
pipe as laid, one end of the level being supplied with a gradu- 
ated slide and set-screw, by which is set off the fall corres- 
ponding to one length of pipe. 
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Pumping Stations. — Sewage pumping* stations are often 
necessary to protect the sewers from back water during 
high water or to deliver the sewage at some point for treat- 
ment or disposal not accessible by gravity flow. 

It may be necessary to operate them only at certain 
stag'es of water at the outlet and at infrequent intervals in 
some cases and in other instances they must be operated 
continuously. 

Usually the conditions are such that they are operated 
under a comparatively light lift. 

The conditions under which the plant is to be operated 
should control its design. Obviously a larg'er outlay in first 
cost to secure a comparatively high duty and economy in 
operation will be justified in the case of a plant continuously 
operated against a high lift than if the plant is to be operated 
but a few days each year during high water. In the last 
case the cost of a days operation is comparatively imma- 
terial. 

It is necessary, however, that the plant be absolutely 
sure in its operation when pumping is necessary and it is 
desirable that the plant be constructed in duplicate so that 
an absolute failure in operation is improbable. 

For light lifts some of the various forms of centrifuy^al 
pumps are well adapted. They cost comparatively less than 
others for the same capacity, are not likely to be obstructed 
by sewage and are simple and sure in operation. The mo>t 
favorable results are secured by setting them immersed in 
the ])um])inj^^ pit. 

The cut on the opposite page shows a portion of a 
])uniping plant thus e<iuipped. The pumps are two 12-inch 
^'i-ntrifu^al pumjis immersed in the pumping pit. They arc 
oi)erate(l from a counter shaft to which power is supplied by 
l\vt> en»r»>n'^ '^"^^ ^^^^' entwines are furnished steam from two 
l)t)ilers. The arran.LTement is such that an}- combination nf 
power and pumps is possible. That is to say, — Either 
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pump or both pumps uiay be run with either eng-ine or with 
both engines and either engine or both engines may be sup- 
plied with steam from one or both boilers. 

A similar combination has also been used bv the author 
in which the engines were directly connected without belt- 
ing and with a considerable saving of floor space. Both of 
the above described pumping plants were designed for occa- 
sional pumping only. 

Examples of more elaborate pumping plants, designed 
for continuous operation, are to be seen at Boston and at 
Pullman. 
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CHAPTER X. 

FLUSHING AND VENTILATING. 

In the Combined System. — Any one seeing- the volume 
of warm vapor rising from the man-holes of an ordinary 
combined sewer on a cold morning will get some idea of the 
immense quantity of gas which constantly rises from a 
sewer; and if he once gets a smell of the ascending column 
he can form some slight conception of its composition. 

An examination into the condition of the sewers will, in 
most cases, at once show the cause of this enormous evolu- 
tion of gas. 

The sewers of the Combined System are designed to 
carry not only the sewage of the town, but also the storm 
water from the roofs, yards and streets. Under these cir- 
cumstances the size of the sewer is determined solely bv the 
amount of storm water to be provided for; the amount of 
se\vag"e being so small in comparison that it may be disre- 
garded. 

In fair weather, and especially in the long continued dry 
weather in summer, the sewage forms only a very small 
stream in comparison with the capacity of the sewer. This 
comparatively small amount of sewage is spread out on the 
bottom of the large sewer and the stream is shallow and 
sluggish. 

Since the capacity of a stream to carry solid matter 
depends upon its depth and velocity it is readily seen that 
the solid i)articles in the sewage soon get stranded and the 
sewer becomes foul even where street refuse is rigidly 
excluded bv the catch basin, which is not often the case. 
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The storm waltT from the streets usuaUy carries with 
t a larg;e amount of detritus, straw, leaves and sticks. As 
the flow in the sewer produced by the storm slackens this 
solid material is stranded, formings small dams in the sewer. 
These hold the sewage in pools, where it decomposes and 
sends otT immense volumes of sewer gas. 

Sewer gas contains sulphuretted hydrogen, carburetted 
hvdrojfen. nitrogen, ammonium sulphide and frctid organic 
Li]>or. 

Besides thescgases, and quite as much to be dreaded, 
.tre the disease producing micri)-organisms. commonly 
known by the name of bacteria, which abound in the warm, 
moist air of the sewers and are carried wherever the sewer 
gas penetrates. Several diseases are known to be produced 
by bacteria, and it is highly probable that the list will be 
increased as our knowledge in this field is extended. 

In any place the struggle for life is between the bacteria 
and the human being. It is a survival of the fittest in any 
environment. Where sanitary matters are properly 
attended to and the environment is favorable for man it will 
be unfavorable for the bacteria, so the man will live and the , 
bacteria will die. But where sanitary laws are disregarded 
and the environment is unfavorable for man it will be favor- 
able for hisenemv, and the bacteria wilt thrive and the man 
will die. 

, The (juestion arises what remedy can be applied to 
improve the condition of the sewer, and to prevent or dimin- 
ish the dangers to health from this source? 

Two things are needed in order to accomplish this end: 
flushing and the ventilation of the sewer. Thorough flush- 
ing will carry out the accumulations of solid matter and dis- 
pose of the pools of putrefying sewage. Fresh sewage is 
not very offensive, and if it can be carried i-apidly to its out- 
fall before decomposition sets in it will cause very little 
trouble either by becoming obnoxious or dangerous. It is 
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the standings pools of decomposing sewa^re which causes 
most of the trouble. 

Flushing may be accomplished in several ways. One of 
the simplest of these is to dam up the sewage by gates in the 
sewers until the sewers are nearly or quite full and then 
suddenly release it, causing a full strong current in the 
sewers. Care must be taken not to hold the sewage until it 
backs up into the cellers and basements along the line. To 
prevent the possibility of this, gates which only partly fill 
the sewers are used, so that when the sewage rises to a cer- 
tain height it flows over the gate. Automatic gates are also 
used which turn on a horizontal axis placed below the centre 
of the gate, the top turning outward away from the contined 
sewage. When the sewer becomes nearly full, the pressure 
on the part of the valve above the axis being greater than on 
the smaller section below the axis, the \'alve opens out\\*ardly 
and releases the sewage. 

The principal objections to the use of gates in the sew- 
ers are that there is a tendency to deposit the solid particlo 
on the bottom of the sewer where the sewage is impounded, 
and that the method cannot be applied to the upper end>t»f 
the sewers. 

At the upper ends other devices must be resorted t •. 
One is to collect the sewage in tanks, which are discharired 
aiitoniaticallv when full. Another is to use automatic Su^h- 
in»4- tanks tilled with water, either by collecting rain water 
from the roofs, or from the public water works. When :r.t 
water su])ply of a town is abundant the problem oi f.-<7 t.z 
sewers can usually be easily solved. 

In aiiv Combined Sewer there will be a certain :-.- -r: 
of (n-^-anic matter smeared by the floods on its inter: ■'-.'- 
face above the ordinary surface of the sewairo. in: ::v 
(lec()nii)()siti<>n of this is constantly going on, deve'. : rj a 
considerable volume of gas. Added to this is ihe c^- ^'c:"- 
erated bv the staj^'-nant sewage held in pools by the >:>:r.:c- 
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tioii» in the sewers. If there are no openings tn the sewer 

the traps in the houses would be forced by the pressure of 

the gases produced. Openings are absolutely necessary and 

wherever there is an opening the g:as will escape. To dis- 

jr pose of this gas or to mix it with so large a volume of air as 

ji^h'ender it harmless is the problem which presents itself. 

^^B The ventilation of a system of large sewers is a difficult 

^^Bk. and up to date it has not been satisfactorily done. One 

H'Of the best authorities after careful investigation gave it as 

his opinion that the only practicable plan was — to use his 

own words— "to Just let the stink out in the middle of the 

street," 

The use of high chimneys has been strongly recom- 
mended, and they have been experimented with to a consid- 
erable extent. 

It has been quite confidently stated that as some of the 
^ases found in sewers are lighter than air there will always 
be an upward draught in the chimney without any artificial 
aid. Unfortunately this is not the case, and to insure a con- 
stant current of air from the sewer up the chimney some 
means must be employed to secure a draught. This may be 
accomplished either by a fire at the Umt of the chimney or a 
fan or screw in the chimney which ia operated by a steam 
ongine or other power. When the fire is used the sewer gas 
is usually passed through the fire. In this there is an 
clement of danger, as leaks from the gas mains into the 
sewer are quite common and explosions from this cause have 
■ Incurred. 

Owing to the numerous openings into the sewers each 
ihimney affects only a limited area, so that an extended^ 
system of sewers would need many chimneys. The cost of 
these chimneys and of running the fires in them prohibits 
their use, except in special cases. This system can be 
made efficient if we disregard expense, but engineers soon 
fiad that the item of expense is one of the most important 
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considerations in any engfineering- project, especially if it 
relates to sanitary matters which are to be decided by the 
public. 

Another plan is to ventilate the sewers by running an 
un trapped branch up through each house, relying" upon the 
heat in the house to create an up draug-ht in the pipe. This 
would be an efficient way of ventilating* sewers, but it 
jifrcatly increases the dang-er from them. A leak in the soil 
pipes, or the emptying of a trap by evaporation or syphon- 
ajice (and both of these contingencies are much more common 
than is usually supposed) makes the house itself a ventilator 
for the sower. 

The rain water conductors have sometimes been used as 
sower ventilators, but this releases the sewer g-as in too 
close proximity to the windows of the upper story of the 
house and is a dangerous practice. 

One of the best plans is to carry up an untrapped pipe 
on the outside of the house to a sufficient heig'ht above the 
roof. If this plan could be g-enerally adopted on any line of 
sowors it would atTord one of the best solutions to the ven- 
tilation problom. 

Wu'ious vhomioal prv»cosses for treating" sewer gas in 
thr ->o\\ors have boon projH^sod, such as liberating" chlorine 
Via--, or sulphunnis aoid in the sewers. These methods have 
bov n \v\cA on a small soalo but the results have not thus far 

A wioi siKvOsstui plan has been to purify the sewer ^s 
aN \\ ^ ou\o^ troin tho sowors by passing it throug"h loosely 
p,»v Koil V ha)\\\i'. This has boon tried on a larg"e scale and 
h,\H hv % i\ '.an ".\ ^ati^tav ivM-y ahhouifh quite expensive. 

\ paUMV, \\a^ taken om in ISJVS for purifying" sewer air 
»M i\\*-^;:>i: ar. v\ v ;r:o v r.rroni throuirh iu 

I;'', the Sc^wratc Sys:f:r.. Wo have thus far been deal- 
r.i; w •/' t!*v^ ''v\vr.> :*vs* Svstom" of scwers. Where the 



X. Ft.USHING AND Vl-:NTILATlNCi. 205 

Se;>arate System is employed the problems of flushing' and 
vcntihition are materially simplified. 

As has been already stated the amount of sewage is so 
small in comparison with the storm water as to be neg^lected 
entirely in computing the sizes needed in a Combined Sys- 
tem. This being: the case it is readily seen that the neces- 
sary size of separate sewers is small in comparison with 
those of the Combined System, and hence much less water is 
needed for flushing. 

Again, since the flow of sewage is approximately con- 
stant and not fluctuating between the wide limits of the flow 
of storm water, the sizes of the pipes may be designed so 
that the Sow of the sewage will keep the mains in proper 
condition, while the upper ends can easily be flushed by 
means ol automatic flushing tanks of small size, compared 
with those needed on the large sewers of the Combined Sys- 
tem. 

A tank placed Jit each dead end and adjusted to dis- 
charge once every day will generally keep the sewers well 
flushed. 

To thoroughly flush a sewer requires a volume ol water 
sufficient to fill the sewer for a considerable distance. The 
best results would be obtained if the sewer could for a time 
be filled its entire length, so as to flush all of the upper part 
of the pipe as well as the lower. This would not only 
cleanse the pipe, but materially aid in its ventilation bv 
securing an entire change of air in the sewer. 

When flush tanks are used to flush the sewers, if the 
discharge from the tank is sufficiently rapid, the flushing 
will be thorough, for a greater or less distance, depending 
upon the grade of the sewer. Gradually, however, the 
water will lose its velocity, and the flushing effect will be 
M ss and less until It amounts to but very little. 
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Roof Water. — The storm water from the roofs maybe 
utilized for flushing" by connecting* a limited number of rain 
water conductors with the sewers at the upper ends of the 
lateral branches. 

When roof water is used for flushing- a difficulty arises 
in adjusting the amount of water to be admitted. When the 
sewers are first completed, much more water will be needed 
to flush them than will be required after their use has 
become general, and the flow of sewage has more nearly 
reached its maximum. But having" once permitted the roof 
water from any building to be turned into the sewers it is 
difficult to shut it out when the proper time comes. 

When the sewers are flushed by connecting" the dead 
ends of the sewers with the water mains, the amount of 
water can readily be adjusted to suit the requirements in 
each case. The water from the mains may be admitted to 
the sewers by a direct pipe connection, provided with a suit- 
able valve, or it may be taken from a hydrant and carried 
throiig-h a hose to a lamp hole at the dead end of the sewer, 
which in this case should be constructed as shown in Plate I. 

As the small sewers are of smooth earthenware pipes 
they are much easier kept clean than the roug"h interior sur- 
faces of the larg'o brick sewers and flushing" will be more 
efifcctive. 

The ventilation of the separate sewers is a much sim- 
pler matter than in the case of the Combined System. 
When properly desig'ned and constructed there are no pwls 
of decomposing" sewag'e standing along the lines, and as a 
consequence there is much less evolution of g"as and hence 
much less need of special appliances for ventilation. 

The rush of water from the flush tanks changes the air 
in the upper ends of the sewers, and the fluctuations of flow 
in the mains is an important factor in chang"ing the air in the 
sewers by driving out the foul air as the sewag"e rises at the 
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time of its maximum daily flow, and refilling' tbe pipes with 
r as the Bow falls to its minimum. 
Any of the methods of ventilation which can be used on 
e Combined System are a\-ailable for the Separate System. 
fad as the amount of air to be moved is much less they will 
f more effective. 

The man-holes, flush-tanks and lamp-holes, when pro- 
ved with perforated covers, as shown in the plates, will 
isist in the ventilation for the street sewers of the Separate 
frstem. The house drains, however, need some special 
■an^fL-ment for that purpose. An opening- from the house 
■Bin to the air is necessary, not only for ventilation but to 
emptying- the traps by syphoning- when the sewer is 
lished. 

> simplest method of accomplishing" the ventilation of 
Pe house drains and at the same time of the sewers them- 
is to extend the main drain upward and out through 
E roof, unbruKen by a trap in any portion. In this case it 
he double purpose of soil and ventilating pipe, and 
vhich passes into the street sewers at man-holes sup- 
plies the draught upward along the street sewers, and out 
through these and their upward extensions In this case 
the isolation of the interior of buildings from sewer air 
depends solely upon the trap under each fixture. Where 
street sewers are properly constructed on the Separate Sys- 
tem, and properly cared for, this method has proved entirely 
satisfactory. It certainly has great advantages in simplicity 
and facility of arrangement. 

Where the sewers are built on the combined plan the 
method of isolation shown in Plates XVIII and XIX is to be 
preferred. This diverts the foul air currents from the 
interior pipe and provides a supply of fresh air for the 
upward current through the soil and ventilating pipe. If 
the street sewers are not properly ventilated at frequent 
intervals, either liv tlic iiiiuaril . \t.'n-.ion of exterior or 
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interior unobstructed pipes or otherwise, there raay be 
reasons for believing- that an isolated one may draw from 
too wide a territory and prove offensive. In this case it is 
advisable to dispense with any vei^t pipe communicating 
directlv with the sewer. 

If we could be perfectly certain that all the drain, waste 
and soil pipes were perfectly gas tight throughout their 
whole length, and would remain so, and that no fixture traps 
would ever be emptied by syphoning, evaporation, capillary 
attraction, or any other of the many ways by which traps do 
get emptied, we might safely use untrappcd house drains. 
But taking the conditions as they are, it seems to be takinj^ 
too great a risk to ventilate the public and private sewers 
through the dw^ellings. 

S. Stevens Hellyer, the well known sanitary engineer, 
writes as follows: 

"Where the drains (house drains) are carried direct into the sewer, without 
traps, the houses, through the sewer, are brought into direct communication 
with each other, /. f., the air in the drain of one house can pass into the drain 
of another house. Contagious diseases — typhoid or what not — raay be infeii 
ing a house, and however isolated it may be from other houses above ground, 
it would not be so mu/rr ground with such a system. The un trapped drains 
branching into the sewer would form a subterraneous passage for the bad air 
or disease germs — coming from the stools of the infected patients — between 
house and house. But when each house drain is trapped off before entering 
the sewer, an all but impassable barrier would be placed between the drains, so 
that the houses would be as much isolated under as above ground." 

If every house could be thus provided with the means of 
ventiliition the whole problem of the ventilation of sewers 
would be simplified, and the provision for ventilatinii" the 
house drains would supj)ly the needed ventilation of the 
sewers. 

Man-holes and ilush-tanks are liable to be covered with 
snow or mud at times and their efficiency as ventilators 
interfered with. If all house connections are made in the 
wav above described -that is, if there is a free communica- 
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tion between an uprig:ht ventilating pipe on each premises 
and the sewer proper— wc have substantially a horizontal 
pipe having at frequent intervals vertical pipes leading- from 
ii. These vertical pipes are of varying- lengths and their 
upper ends are at different elevations, covering- a range of 
several hundred feet, perhaps. These vertical pipes are 
also subjected to different conditions, For instance some 
of them are within buildings near artificial heat, some of 
them are at the south side of buildings where the sun will 
effect them, some on the north side where the temperature 
is lower, some of thein are short and some are long. In 
short, the conditions arc such that there cannot be an equi- 
librium of pressure throughout the system. Now, if the 
openings at the mouth of the sewer, at the man-holes and 
flush-tanks are relatively' large enough, and the air space 
along the sewer toward the higher levels where the house 
connections are numerous, is relatively large enough, it may 
happen that there will be an upward current in all the house 
ventilating pipes, the air being supplied, of course, through 
the openings along the sewer proper. It is probable, how- 
ever, that this rarely occurs for the reason that the com- 
bined section of the ventilators is many times the se(;tion of 
the air passage in the sewer proper and consequently any 
difference in pressure that may be induced in the ventilating 
pipes by the causes above cited, is more easily restored by 
downward draughts in some of the ventilating pipes. It 
may thus happen that the short, cool ventilating pipes, par- 
ticularly at the lower levels have, some of the time at least, a 
downward draught and that the toul volume of air which 
passes through the system at various p<iints is greater than 
could be supplied through the outlet, man-holes, etc., at the 
velocity which would be likely to be induced. 
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Automatic Flush Tanks.* — Flush-tanks are used either 
to collect the sewag^e and dischargee it rapidly at intervals for 
the purpose of flushing- the sewers, or to collect and (lis- 
charg-e clean water for the same purpose. They should k 
automatic in their action. 

This regular and automatic flushing- is usually applied to 
Separate Systems, and the diminished size of the pipes 
renders it very eff'ective. It sweeps down all deposits and 
stranded matter from the remotest portion of the system 
into the mains, and the ag-greg-ate of these discharges in the 
mains from t nks differently timed, continued with the flow 
of sewage proper, sweeps it on to the outlet. The more 
regular flow in the Separate System and consequent imma- 
nity from variations in air space and pressure reduces the 
danger of forcing traps. The smaller air space increases 
the efficiency of all openings in relieving* any pressure 
resulting from such variations, and also increases their efl&- 
ciencv as ventilators. 

There are raanv forms of automatic flush-tanks, most of 
which may be classed under the four following" varieties: 1. 
Tilting- Tanks; L>, Syphon Tanks; 3, Valve Tanks; 4, Col- 
lapsing- Tanks. 

Tilting- tanks are so designed that as they fill the centre 
of g-ravity is chang-ed, until finally the equilibrium of the 
tank is destroyed and the tank tilts over and empties itself. 
The tank is so adjusted that when empty it returns to its 
proper position. A tilting tank on a small scale is shown 
attached to the long- leg of the syphon in Van Vranken's 
flush tank, Plate XXI. 

Syphon tanks are discharged by means of a syphon. 
They dilTer in the devices for starting the syphon. In 
places where the sudden rush of a considerable quantity of 

'Tin- tollowiiiK descriptions of flush tanks are taken mainly from the manufaciurtr*; 
caialoyufs. 
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r can be secured, no device is necessary. Where house 
n'a^e is collected in tanks ior flushings, the rush of water 
1 by emptying a bath tub. wash tub, etc.. will be suffi- 
[ent to start the syphon. But whore the tank is filled by a 
of water small enough to fill a tank holding but a few 
hndred gallons only once in twenty-four hours, some spec- 
arrang'cnient will be necessary to start the syphon. 
I can be done by means of a small tilting tank on the 
hag leg of the syphon, as in Van Vranken's tank; by a sup- 
plementary tank and syphon, as in Field's; by a ball cock, 
increasing the flow when the tank is nearly fyll, as in Vib- 
bard's; by having the long arm of the syphon movable, as in 
Landon's; by a collapsing disk or tube, as in Chaplin's; by 
an automatic valve on the long leg of the syphon; by an 

f»pirati>r; and in x-arinus other ways, 
Field-Waring Flush-Tank.— The syphon invented and 
atented by Kogers Field and improved by Col. George E. 
Faring. Jr., consists (in the form shown) of an annular 
Itaking limb, and a. discharging limb at the top of which is 
n annular lip or mouth piece, the bottom of which is 
tapered to less diameter. The discharging limb terminates 
in a weir chamber which when full to its overflow point just 
seals the limb. Over the crest of the weir is a small syphon 
whose function is to draw the water from the weir chamber 
and thus unseal the syphon. At the lower end of the small 
syphon is a dam or obstruction to prevent its breaking. 
The main syphon is brought into action (on the tank being 
filled ) by means of a small stream of water flowing over the 
annular mouth piece and falling free of the sides of the dis- 
charging limb. As soon as the lower end of the discharging 
limb has been sealed by filling the weir chamber the falling 
water gathers up and carries out with it a portion 
e contained air, thus producing a slight rarefaction. 
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tltLD WARING FLtfSH-TANK. 



This rarefaction causes the water to rise in the intakinc 
limb hi|^her than in the basin outside, and hence increases 
the stream of water flowing over the mouth piece, which in 
turn increases the rarefaction, and the syphon is s.«'n 
brought into full play. 

On the tank being emptied to the bottom of the intakins: 
limb the flow is checked, and the small syphon over tliu 
crest of the weir draws the water from the weir chamber, 
air enters the discharging limb, and the syphon is vcnteti 
ready for the tank to again fill. 
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Van Vranken's Flush Tank. — This tank consists of an 
jrdinary syphon, to the longer or descending: Hml) of which 
s applied a small tilting tank. The arrang-ement of the 
>arts is shown in Plate XXI. The tilting tank is hung 
lirectly below the descending limb of the syphon, at such a 
cvel as to leave its month sealed at all times. The tilting 
)asin is contained in a small cast iron chamber, built into the 
>ottom of the flush-tank chamber proper. The action of the 
ank is as follows; 

The water being admitted to the tank by an ordinary 
'aacet. at whatever rate may be desired, gradually rises in 
;he tank until it overflows from the ascending to the 
lesrcnding leg of the syphon and is collected in the tilting 
Lank. Aa it accumulates in the tilting tank the center of 
jravity is thrown beyond the axis of support and the pan 
tilts, the water level in the basin being lowered about one 
inch. This produces a corresponding rarefaction in the 
syphon and brings It promptly into full action. When the 
tank ceases to discharge the tilting basin resumes its former 
position. 

The Miller Automatic Flush Tank.— This flush tank 
is shown in Plates XXII and XXIII. Previous syphons have 
been brought into action by the simple release or rare- 
faction of the air confined in the syphon, or by the 
sudden removal of such air bv special subsidiary devices, 
which are entirely absent in the "Miller" syphon. 
It consists of two simple Castings, a U tube or trap 
and mouthpiece, cast in one piece, and a cast-iron bell 
which is placed over the longer leg of the syphon, and is held 
in place by brackets cast on the trap. The action of the 
syphon is as follows: As the water entering the tank rises 
above the lower edge of the bell, it incloses the air within, 
the lower portion of the trap being, of course, filled with 
As the water level of the tank rises, the confined air 
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gradually forces the water out of the long* leg* of the trap. 
until a point is reached when the air just endeavors to escape 
around the lower bend. Now, as the difference of water 
level in the two leg-s equals the difference of the levels 
between the water in the tank and the water within the bell. 
it will be seen that the column of water in the short dis- 
charg^e leg" has practically the same depth as the head of 
water in the tank above the level at which it stands in the 
bell. The two columns of water, therefore, counterbalance 
each other at a certain fixed depth in the tank. As soon as 
this depth is increased by a further supply, however small, a 
portion of the confined air is forced around the lower bend, 
and by its upward rush carries with it some of the water in 
the short leg", thus destroying* the equilibrium. But the 
secret of this invention is the free projection of the overflow 
edg"e, which allows of the instantaneous escape or falling 
away of the heaved-up water. Thus, if the dischargee mouth 
were formed as an ordinary bend, the syphon would not act 
(although the confined air rushes around the lower bend, 
for the simple reason that the heaved-up water has no moans 
of instantaneous escape, and, therefore, the equilibrium i^ 
not sutHciently disturbed. It will thus be seen that the 
ai'tion of the syphon depends, not on the escape of air, but(m 
the siuhlen reduction of a counterbalancing- column of water. 

Repeated trials have shown that a 6-inch syphon wi!! 
disv'har»»e full bore a r>0()-g-all(m tank, fed so slowly as only t" 
1)1' filled in fourteen days. There bein^ no internal obstruc- 
tion, the disehar«^e is extremely rapid. 

Rhoads-Williams Flush-Tank. -The Rhoads-Williair.> 
v\ phon, a-^ illu^itrateiU consists of an annular intakini^'- limi'. 
ami a ilisvhariiinii- limb terminating" in a deep trap belt)\v the 
K'\«.'l ot the sewer, lielow the permanent water line in the 
di--vhari;iiiLi limb, is ei>nnected one end of a small blow-otfor 
reiiit-trap. having" a less depth of seal than the main trap, 
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er end of which joios the main trap on the opposite 
It its entrance to the sewer and above the water line of 
rap. At the same point is connected an upright vent 
Hrhich rises through the tank to a point above the high 
rline, and is turned down through the top of, and into 
ftakinglimb of the syphon, terminating at a given point 
I its bottom. 

|hS the tank tills with water (the main and blow-off traps 
i full) it rises in the intakinglimb even with the level of 
later in the tank until reaching the end ot the vent pipe, 
Ime of air is confined in the two limbs of the sypbon 
len the water in the intaking limb and the water in the 
trap. As the water rises higher in the tank the con- 
Volume of air is compressed and the water is depressed 
t main trap and in the blow-off trap. This process 
}m until the water in the tank reaches its highest level 
the top of the intaking limb at which time the water is 
^sed in the blow-off trap to the lowest point and the 
^d air breaks through the seal, carrying the water 
It out of the trap, thus releasing the confined air and 
fkg an inflow from the tank, putting the syphon into 
^on. 
b the tank being discharged to the bottom of the intak- 

■b, the flow is checked and the syphon is vented by the 

iion of air to it through the vent pipe. 

lie Lightning 
i flush-tank is 
he water rist 

lever, it alsc 
ipresHion of 
lliio one inch 

•r level will 

The rising 
Iter "H" whi 



Automatic Flush-Tank. — The operation 

as follows: See Plate XXV. 
es in the tank till it reaches the float "F" 
) rises under the air chamber, but owing 
the contained air the water will rise onlv 
below the tup of the inner leg at the time 
have reached the center of the float in the 
water acting on the float "F" then moves 
ch holds down the hinged chamber "1." 
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RH0AD3-WILLIAMS PL.USH.TANK. 

The instant the lever moves and releases the chamber the 
latter spring's open on its hing^es and the inner confined air 
bodily escapes. Gravity brings the chamber back to its 
original position immediately that the air has escaped, aad 
full and complete syphonage takes place. 



Valve Tanks.— In the valve tanks the valve is usually 
operated by a float which releases the valve when the water 
has reached a cel'tain level. 
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Requirements to be Met. — The requisites for an auto- 

latic flush-tank are: 1, Certainty of action; ii, rapidity of 

harg'e; 3, simplicity of construction; i, ease of inspec- 

i of all its parts; tt, durahility; 6, economy of cost and 

tintenance. 

Strange as it raay appear, there are flush-tank syphons, 

in considerable numbers, which cannot possibly be 

ie to work under the usual conditions imposed by the 

quirements for flushing sewers. 

Rapidity of discharge is next in importance to certainty 
iction. The sewer pipe should be filled for some distance 
■ order to get the proper benefit from the Bush. 

In simplicity of construction the syphon tanks are supe- 
r to the valve tanks, and as durability is likely to depend 
simplicity uf construction, the syphon tanks will, in 
eral, be most durable. 

Complicated mechanism is undesirable for use in a 

flush-tank, which must work automatically, and often for a 

long lime without inspection. It is not at all uncommon to 

^^nd that devices which look well on paper fail utterly when 

Hnit to the test of actual service. 

^B Quantity of Water Required.— An erroneous idea pre- 

^^Lilsas to the quantity of water required for flushing sewers 

^■y the use uf automatic flush tanks. A properly designed 

^^stem for a city of 10,000 inhabitants ordinarily requires 

from twenty to fifty flush-tanks, of a capacity of about 150 to 

300 gallons, discharging daily, or at most twice a day- The 

^^aaximum amount of water required is about two per cent. 

Bjl the water supply. This momentary discharge does not 

Hfepsibly occupy the capacity of the main sewers further 

^fcown the line, being, as before stated, but a very small per- 

iL-ntagc of the ultimate discharge. An equally eflicient 

ilushing by a constant stream, applied directly and without 

flush tank would require an amount oi 
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Winter materially eDcrosebiii; ap«i^ tbc capptci^ of. tlM flBain 
sewerm, and would 'be- fawdmisstble airier ordiouy coadi- 
tioQs of water supply, mi tbc »coco of ecooosgty. 

Rapidity of Discharge. — Flush-tanks are ordinarily 
adjnsted to dischargee automatically once in each twcoty-four 
boars. Their capacity of discharge should equal or exceed 
that of the pipe into which they empty. 

Erperiments made by the writer with a flush-tank uf 
7,000 gallons capacity, having a ten-inch outlet, opening inlu 
an eig^ht-inch sewer, demimstrated that with the minimum 
grades indicated in Table XV, there was no danger of gorg- 
ing the aewer at a distance of one or two hundred feet from 
the flush-tank, although the hydraulic head was seven feet 
aad the capacity of the tank was sufKcient to fill the sewer 
for a distance of 2,682 feet. At a distance of .600 feet the 
flow, as observed in a man-hole, did not till the sewer. 

In the case of flush tanks as ordinarily constructed the 
tank can hardly discbarge loo rapidly. 

The rate of discharge from the tank should at least 
equal the capacity of the sewer when the flow has acquired 
the velocity due to its inclination. A sewer six inches in 
diameter, laid at a grade of five-tenths per hundred, dis- 
cbarges, when full, at the rate of 215 gallons per minute, 
The conditions above named would therefore require the 
tank to discharge at the rate of 100 gallons in 28 seconds or 
less. 

Experimental Data. — Some valuable experiments were 
made upon the effect of flush tanks in the aewers in Wash- 
ington, D. C, by Asa E. Phillips, Assistant li^ngineer. Dis- 
trict of Columbia, and the results were presented by him in 
a paper read before the American Society Municipal 
Improvements, in October, 18i»8. 
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The following extracts are taken from his paper: 

"Nn formala has twea proposed for ibe volume of waier required for dif- 

II grade!! and siies, and Ihe only rule known lo have been used appears to 

^^>t lillle value. This important detail i^ determined by individual judgment, 

tally unsupported by invesligaticin or experience, so that (he c 

s varied within a large range of values, while tanks of unilorm siie 

lally have been constructed regardless oF diBerences in Ihe size or gradient 

ers lo be flushed The unceiiainiy ns lo the precise efieci of the 

le complex conditions as to conlriliuting pnpulalion, tale of water 

Humption, etc , have been justly considered a bar lo any precisi 

I Recent discussion ot the subject, however, has tended lo eslabliah 
I limltalioTij in Ihe use oF flushing devices which should lead lo improve- 
Ihe general praclice. ' 
"The work 10 be accomplished by the flush is Ihe removal at regular and 
frequent intervals oF solid mailer iliished inio ihe sewer from house laterals, 
and ihere stranded LeoauDe of tbe shallow deplh ol flow and sluggish c 
and ils carriage down the line li> a point where Ibe deplh and velocity are 
sqKcienl to insure removal to Ihe ultimate point of diM:h3rge. The efticiency 
ol the flushing device in )>erforiDing this work is not well under 
lillle is known of Ihe eflecl under Ibe varying conditions encountered, espe- 
cially for widely diHerenl grades and al considerable distance from the dead 
end ll is generally considered, however, thai Ihe effect diminishes very 
rapidly as ihe distance increases, and becomes alraosl imperceptible 600 or 700 
feel front the lack, bul, so far as can be ascertained, this has been observed 
only in cases of flush of small volume on flal grades, or where Ihe deplh o[ 
ordinary flow was considerabte. Of Ihe effect of discbarge of 600 gallons or 
more, such as were used in the cases to follow, there appears 10 be no recorded 
observations, so that no comparison with those already published can be made. 
Several grade cocdilions have been selected for the purpose ol llluslraltng Ihe 
eflecl of ihe flush under such circumstances, and an attempt made to indicate 
bv means of diagrams the different results obtained. For these no special 
accuracy is claimed, but in the few case* given Ihe diflerences are sufficiently 
Rifttked as lo suggest certain conclusions iherefrom. 
I -The Park streel line is the first ot Ihese This sewer is is inches in 

^^^bmeter. about 1,870 feet in length, and has a uniform grade throughout of 9 
^^^Kbes per 100 feet. Preliminary examination discovered slightly unfavorable 
^^^BBtliltans for experimental work, such as an uneven grade, rough joints, and 
^^^bor slignmenl in places, all of which affected the observations and tesultx to 
some eitent. It may now be staled thai, with the exception of the Chapia 
street line, the sewers ci led are old and generally possess Ihese irregularities, 
bol. eicepling slight sill accumulalion al points distant from the basin, ihey 
^^Mte found lo be very clean Tbe presence of even a small amount ol sill in 
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the invert, particularly at man-boles, undoubtedly affected the flow and was 
the chief source of error in the observations. 

"The tank on Park street was found to have an effective capacity 0(84 
cubic feet, or about 630 gallons, and discharged through an 8-inch sjrpbon in 
the mean time of forty-two seconds. No attempt was made to determine the 
velocity at the point of discharge, but this data would indicate an approximate 
mean velocity of 6 feet per second. Observations of the flush were simulta- 
neously taken at all of the man-holes, and the depths of flow were recorded at 
intervals of fifteen seconds or less. These depths were referred to the time of 
syphon discharge, and the diagrams of the flush have been constructed from 
this datum. 

"The first diagram, (Fig. i, Plate XXVI), shows the form of the flush ware 
as taken at five consecutive man-holes within loob feet of the tank. The lower 
four man- holes were not platted because of the confusion of lines that woold 
result, but the data are given in Table XXII. This diagram and tabulation 
show how well the depth of flow is maintained for very long distances. One 
thousand feet from the dead end the flush is very efficient, and at a distance of 
nearly 2,000 feet appears to be quite effective. This large radius of effect is 
doubtless due to the volume of water used, as published data for smaller dis- 
charges indicate that a tank of half (his capacity would have a very greatlj 
diminished influence. 



TABLE yiyill.— Park Street Server. 



CAPACITY OF TANK, 84 CUBIC FEET=630 GAL*. TIME OF DISCHARGE. 42 SEC. 



Manhole. 



I 
2 

3 

4 

5 
6 

7 
8 

9 
10 



Si/e 
(Diameter) 

Im/it's. 
12 
12 
12 
12 
12 
12 
I 2 
12 

12 
12 



Gradient. 



/Vr ceni. 

75 
73 
75 
75 
75 
75 
75 
75 
75 
75 



Distance 

from 
dead end. 



Feet. 
200 
382 
572 
738 
948 
1. 132 

1.332 

1, 480 
1,688 
i.86() 



Depth of Flow. 


Duration 







of greatest 


Normal. 


Flush. 


ertect. 


Inches. 


Inches. 


Afin. Si, 


H 


7h 


I 00 


H 


1% 


I 15 


I 


^% 


1 45 


I '4 


5U 


2 00 


iX 


5 


2 15 


iVs 


4>4 


2 50 


i^ 


4 


i 00 


i.V 


3>^ 


3 45 


iK 


3*4 


3 45 



"The second diagram for this line, (Fig. 2, Plate XXVI), shows the com- 
puted velocity curve for the ordinary flow, the assumed velocity to prevent sed- 
imentation and the accelerated velocity due to the flush. These curves are not 
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supposed lo be pt«cis«, but ihey iUuslrate the purpijse of ibe flushing device, 
and lo some extent the degrees of effectiveness letjuiied. The curve of normal 
flow shows the very low velocity along the upper poitioa of the line, and ils 
gradual Increase approaching the required velotily at Ihe lower end, while the 
Hash curve shows a corresponding higb velocil) al the upper end and its rate 
of fall toward the i)^-(oot-per-second velocity, where in theory at least it 
would seem that the two curves meet al a common tangent point In this 
aewer. it may be noted, Ihe normal flow does not attain a rate of i^ (eet per 
secimd. and probably would not for a distance of ;,aoa feet. It is also to be 
observed, however, that the flush would seem to maintain Ibis velocity for a 
distance probably as great; so that, so far as these observations go, they indi- 
cate that tor Ibis very long line and Sal grade the flush tank is efficient and oi 
the proper size. 

"The second series, taken on one of the Connecticut avenue sewers, is 
chiefly inierexting as showing the effect prodnced on a varying and decreasing 
gradient. 

TABLE XXni.~-C.-mu:tifHt Avtnue Snufr. 



:. Si c 



-615 G 



45 SI 



».llbl)lB. 


pianielerl. 


Grids, 


Diium. 


Dsplli of Flow. 


UDt»li0B 

or giHIatl 


Normal. 


Fldsh. 


3 


IniAt, 


Prr etnl. 


'75 

61 i 


Imhts. 

i|4 


3)4 


I 15 

I 30 

3 00 

3 M 



"The diagram, (Pig. ]. Plate XXVI|, illustrates the diminished velocity and 
enlarged area of section of the flush wave, as recorded at man-hole Ko }. 
ihowing the marked effect of the diminished rale of grade in the portion of the 
sewer immediately aliove. Unfortunately this could not be further observed, 
owing to a change in gradient from Ibis point. It probably indicates, however, 

tbal for a line of varying slope Ihe minimum should be considered in fixing the 

Kitj of the tank. 
"Ttle third series was taken an Ihe Chapin street sewer, which has the 
d conditions of a varying but rapidly increasing gradient. The observed 
■CI of Ihe flush is very clearly shown by the diagram. (Fig <, Plate XXV1|, 
■ rapid run-ofi and greatly reduced area of section toward Ihe lower end of 
IT indicate Ihe very bigh velocity which soch sleep slopes Riusl produce. 
Bse the minimum grade being 1 per cent , and that for a length of only 
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190 feet, a flush tank of considerably less capacity would probably be soi- 
ciently effective, if, indeed, for such grade conditions automatic flushiDg is at 
all necessary. 



TABLE XXIV.— C7//r/i« Street Se^.^er. 

CAPACITY OF TANK 83 CUBIC FKBT— 62O GAL.; TIMB OF DISCHARGE, 48 SEC 



• 

Manhole. 


Size 
(Diameter). 


Grade. 


Distance 

from 
dead end. 


Depth of Flow. 


Duraticn 

of greotesi 

clfect. 


Normal. 


Flush. 


I 
2 

3 
4 


Inches. 
12 
12 
12 
12 


Per tent. 

u 

9 


Feet. 
190 

350 
490 
705 


Inches. 

% 


huhes. 
3 


Min. AVi 

I CO 

I 00 ; 
I 00 

I 00 



"The fourth series, taken on one of the Thirty-second street sewers, shows 
the observed effects on a nearly uniform steep grade. The first diagram. Kii; 
5, Plate XXVI). for this line shows the form of the flush wave as observcu at 
each manhole. The quick run-off and nearly uniform area of section n air. 
tained indicate the piston-like effect of the discharge. In fact, the flow wa- > 
rapid and so quickly past as to render the taking of the observations rather 
difficult and their relative accuracy to some degree uncertain. 

TABLE ^mV .— Thirty-Scioud Street S.-.iu-r. 

CAl'At.ITV OF TANK, 84 CUBIC FEET— 63O GAL.; TIMB OF DISCHARGE. 4S SEt 



I Marihoh*. , 



Size 
Diameter) 



I 

2. 

S 

\ 



I Hi h<-> . 
12 
12 
12 
12 



Grade. 



Per i<)it. 

4 

4 
4.1 

5.0 



Distance 

from 
dead end. 



F,ct. 

75 
265 

485 
725 



Depth of Flow. 



Normal. 



Imhes. 



,'8 



Flush. 



Diu.iiicn 

(.«f nn*jite>'. 

*-t}r. t 



I III he s. 

4.'i 
5 

5 



Miu 



1 CO 

I O) 

I 0.- 

1 Oi- 



1 h<- curvf's here and there seem to suggest such unavoidable irregulari- 
tir;s. but th»; K'cneral effect is very clearly shown. The second diagram, il'ig 
6. I'lat*' XW'Ii, indicates the approximate velocity attaioed by the flush in 
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clioD wilh the assumed i^i feel per second constant, a; well as ibe esti- 
I velocily of ordinary flow. This shows in another form the marked 
of the discharge on a sleep slope, and also how quickly on such grades 
irmal flow attains soflicieni velocity to prevent deposit. From a study of 
diagrams we may conclude thai the flush iDcreases rapidly in efieclive- 
13 Ihe grade increases, having a remarkable scouring power on grades of 
cent or more, but at the same lime ibe oecessily of automatic flushing 
ises correspondingly, there being apparently little need lor snch a device 
■topes approaching 4 per cenl." 

'As has been seen, no aiiempi is here made to indicate the results with a 

ble volume of discharge for the purpose of determining the comparative 

1 of effect under such circumstances. This and other interesting delailt 

ecessarily omitted, an effort having been made only to show the general 

:nce of the slope 00 the flu^b. and, in a limited way, the range of effect " 

Some valtiable data on the effectiveness of flush-tanks 

IS also been secured by Mr. H. N. Ogden from experi- 

ents at Ithtca, N. Y,, a record of which appears in the 

ransactions of the American Society of Civil Engineers, 

:cember, 1898. 

Plate XXVII is reproduced from Mr. Fuertes discussion 
the data in the Transactions and the following; extract is 
BO from his discussion: 

"On tbe diagram, Plate XXVII, is shown the form of l he flushing wave dis- 
rged into Ihe Green street sewer, drawn from tbe author's data. .\ profile 
:he wave is shown al tbe end of the isl, and, 3rd, 4tb, eib, Hlh and 10th 
lules. In this diagram <be shapes of the waves are nol claimed to be exact 
□ profile at all points. They are accurate at Ihe points where they cross 
man-holes, and the positions of the toes of the waves were interpolated; 
remaining portions of (be curves are sketched in. 

"The velocities corresponding to the greatest depths of flow were calcu- 
d by tbe Kutler formula, (n— o.oij). The velocities marked tor the loe of 
wave are the components, along Ihe bullom of the sewer, of Ihe velocities 
ibe surface of the water at Ihe given points when ihe wave reaches those 
Its. 
"Al tbe first nian-hole the sewer was nearly full, and probably had been 
ininK under a head up to within about 60 feet of the man-hole, Afler pass- 
this point the foot of ihe descending body of water, under a free flow by 
rily, rusbed forward rapidly, the point being 135 ft., jiij fl., 391 ft., 513 fi . 
ill.. 743 ft,, 85^ II , and 957 fl. distant from tbe man-Hole io 1, i. 3, 4. j, 6, 
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General Statements. From the observed facts ab"^^ 
([uotc'd, iind also from the theory of hydraulics, the follown^-^^ 
i^-eneral statements concerninii;- the efficiency of fliishinir i^^'O 
be made: 



FLUSHIXG AND VliNTILATIXG. ^SI* 

'he efficiency of flush is proportional to 

") The velocity of flow: 
II The depth of flow; 
The duration of flow . 

?he velocity of flow is proportional to the rate of dis- 
;e and the inclination of the sewer. (We are now con- 
ing sewers of a given diameter.) The inclination being' 
and uniform the velocity is ordinarily less as the dis- 

from the flush tank increases. 

The depth of flow i.s proportional to the rate of dis- 
;cand (under the conditions usual in sewers) inversely 
Jrtional to the inclination of the sewer. The rate of 
arge being fixed and the inclination being flxed and 
t is usually less as the distance from the flush-tank 
Ises. 

^he duration of flow is proportional to the quantity and 
if discharge and inversely proportional to the inclina- 
■f the sewer. Under the usual conditions of quantity, 
ncHnation, the duration of flow is greatest at points 
;st from the flush tank. This naturally follows from 

t that the wave crest becomes lower and the velocity 

the distance from the tank Increases as illustrated in 
iLgTams. 

he velocity and depth of flow are interdependent. 

of flow is particularly advantageous as it induces 

ly. Depth of flow is desirable, however, independent 

influence on velocity since it increases the cleansing 

t at the sides of the sewer, increases the section of 
ied matters which are exposed to the current, and, by 

ter degree of immersion makes their hold upon the 
; of the sewer less stable. 



CHAPTER XL 

HOUSE DRAINAGE AND PLUMBING. 

House Connections. — In order to protect the sewers 
from injury by careless or incompetent workmen, or from 
stoppage by the introduction of improper substances into 
the sewers, proper rules and reg'ulations for house drains 
and connections are necessary. 

To permit each householder to connect with the sewers 
whatever he chooses, wherever he chooses and in whaterer 
way he chooses, is to insure ruin to the whole system. The 
house drains should be connected only at the Y's, which 
have been placed in position when constructing* the sewers. 

All w^ork should be done by competent workmen, who 
are under bonds to do the work properly and repair all dam- 
age they may do, and under the direction of a trustworthy 
engfinccr or inspector. 

Care must be taken to exclude everything" which will be 
liable to obstruct the sewers. The man who said that he 
thouy^ht *'the sewers should carry potato peelings and such 
things'' is not alone in his notions regarding the disposal ■■: 
^arbag'e. A larg-e majority of the domestics employed in 
families have unlimited faith in the capacity of waste pipe^ 
and sewers to carry empty cans, broken bottles, ashes, cin- 
ders, wash cloths, etc. This confidence in the carrvini: 
power of a pipe is so firm that it will be found easier to ren- 
der the introducti(m of miscellaneous articles impossible 
than to demonstrate that the transportation qualities of a 
sewer are limited. It will be much better to prevent 
improi)er thinj^^s bein<^ introduced into the sewers than to be 
obliged to di^ up the pii)es to remove obstructions. The 
sewers are intended to carrv onlv fluid refuse from kitchens. 
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(nndries, water closets, bath-tubs, slop sinks, etc., and care 

lUst be taken to exclude all solids, clfiths, mud and aoj'- 

Bin^ which would be liable to obstruct the flow In the pipes. 

The house drains will be much more likely to get into 

^tl condition than the public sewers, and hence the neces- 

■tv for great care in laying the drain and in providing for 

• ventilation and flushing. 

Municipal Control.— It will be found best to pass agen- 
«1 ordinance governing the use of sewers by private indi- 
iduats. 

The following forms though not universally applicable 
lay be useful as guides in outlining work of this kind. 

ORDINANCE. 
|t Okiikahcb Fixing *nd Regulating thb Usb of Siwers by Private 

iHOtVtDCALS IN THE ClTV OF 

SscTtON I. Tba Sanilary Sewer system of tbe city of 

IS of 

aia and lateral conduits of salt-glazed, vitrified eartbea-nare or brick, 

ihtl oecesiary accessories. They are designed lo carry ofl all liquid house 

re knowD hereio as sanilary sewers. The sewers in the streets 

ising in front of the various lots are called main or lateral sewers. The 

s leading from the main or lateral sewers to the property oo either side 

■ called house sewers Porous drains laid for removing subsurface water are 

d subsoil drains 



IS of house sewers, drains or plumbing work with 

■ sewer system of the city of sfaall be made in accordance with 

e role* and regulationa. 



No person, firm or corporation shall lay, alter or repair any 

, sewer or plumbing worh or make any connections whatever with 

ir drain belonging to the sanitary sewer system, or do any kind of 

cted with the laying of house-drains or bouse-sewers or plumbing or 

Aing »Dy repairs, additions lo or alterations of any drain, sewer or plumb- 
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ing connected, or designed to be connected with the sanitary sewer system, 
unless regularly licensed by the 

APPLICATION FOR LICENSE. 

Sec. 4. Any person desiring to do business as a plumber, in connectioQ 

with the sanitary sewer system, shall file in the office of the 

a petition giving the name of the individual or firm and place of business, and 
asking to be licensed as a plumber. Said petition must be signed by two 

responsible citizens, of the city of vouching 

for the business capacity and reputation of the applicant — that he is a 

resident of , a master of his trade, and 

willing to be governed in all respects by the rules and regulations which 

are or may be adopted by the Each applicant for a license 

shall execute and deposit in the office of the , with his appli- 
cation, a bond with two or more resident sureties, to k>e approved by said 

in the sum of conditioned 

that he will indemnify and save harmless the city of from 

all accidents and damages caused by any negligence in protecting his work, or 
by any unfaithful, imperfect or inadequate work done by virtue of his license, 
and that he will also replace and restore sidewalk, pavement or street surface 
over any opening he may have made to as good state and condition as he found 
it, and keep and maintain the same in good order, to the satisfaction of the 

, for the period of six months next thereafter, and that 

he will pay all fines imposed upon him for a violation of any of these rules or 
regulations. On receiving his license he shall have recorded in the office of the 

his actual place of business, the name under which the 

business is transacted, and shall immediately notify the of any 

change in either thereafter. No license will be granted for more than one 

year and all licenses will be granted to expire on the day of 

Removal of residence from the city shall act as a forfeiture of license. 

PERMITS. 

Sec. 5. Applications for permits to connect with the sewer system or do 
plumbing work to be connected therewith, must be made in writing by the 
owner of the property to be drained or his authorized agent. Such applica- 
tion shall ^Mve the precise location of the property, the name of the owner and 
tlie name of the person employed to do the work, and shall be made on blanks 
furnished for ihe purpose. No permit shall be deemed to authorize anything 
not stated in the application, and for any misrepresentation in such applica- 
ti(^n the ])lumber shall be suspended; and if such misrepresentation appears to 
be wilful his license shall be revoked. 

Term its to make connection with the sewer system will be issued onlv 
when the pluml>ing in the house or building to be connected is in accordance 
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lei for plumbing hereinafter prescribed and has been inspected 
i approved by Ihe Superialendenl of Sewers, or in case of new buildiDgS 
a proper plan lor ibe plumbing has been approved by tbe Super in lend en I. 
The Superinlendenl will dciiignale [he positioo of (he "V" branch in Ibe 
at. aa shown by the recurd;; in (he office. AM con- 
ns luaile with the sanitary sewers or drain; and all plumbing connecling 
■ilh shall l>e made under Ihe direction of the Superinlendem ot Sewers 



Before a perniil will be issued tor doing plumbing work in a 
before any additions are made, excepting necessary repairs, a plan 
ion of ihe work to be done signed by a licensed plumber on blanks 
li^hed Cor the purpose shall be tiled in the olhce of the sewer deparlmenl. 
and no such work shall be commenced until such plan shall have lieeo 
approved by the Superintendenl. 

Every plan sbiill contain a clear and full descripfion of the plumbing, 
showing the position, size, kind and weight of all pipes, and Ihe position and 
kind of traps, closets and other fiitures All work done under such plans shall 
be siibjecl to the inspection of the Superintendent, and do alteration shall be 
made in any plan or in tbe work without a !tpecial permit lo writing from him. 



■teady for inspection, and all work must be left uncovered and convenient for 
eiaroination until inspected and approved. Such inspection shall be made 
within twenty-four hours after such notiticaliun. Tbe Superintendent may 
apply ibe etber. peppermint, water or smoke test, and the plumber shall lur- 
llih all necessary tools, labor and assislanis lor such lesls. The plumber shall 
or repair any defective material or labor vthen ao ordered by Ifae 
bperlnlendeDt. 



The plumber shall, on Ihe Completion of Ibe work, file ii 
« of Ihe Sewei Depariment. on blanks furnished for Ihe purpose, a co 
the work done under the permit 



No open gutter, cess-pnol or privy vault shall be connected ■ 
m oi drain. Cellar and cistern over-flows m«y be connected with 
IT drain only when they can be irappeil in sncb a manner that the w 
IDOI be destroyed. 
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IMJUBV TO SBWBRS. 

See. lo No person, firm or corporation shall inJDte, break or tenin* 
any portion of any man-bole, lamp-bole, flusb-taok, catch-basin or any pan of 
ibE sewer syslem, or tbtow or deposit, or cause to be thrown or deposited is 
any aewer opening or receptacle coonecling with llie sewer system, any gait)- 
age, offal, dead animals, vegelable parings, ashes, cinders, rags or any alber 
matter or thing whatsoever, eicept faxes, urine, the necessary water-cloW 
paper, liqnid bouse or mill slops and root water by special permit. 



Sec II. Any person, firm or corporation desiring lo lay pipes for water, 
gas. slejiR, or any purpose, in any slreet or alley upon which seweri are laid, 
shall give at least iweQly-four hours' notice to the Superintendent before open- 
ing the street, and the" manner of excavating for laying and back-filling orer 
such pipe shall be subject lo the approval of the Supierinteadent. All lurh 
work shall be planned and executed so thai no injury shall occur to any publjc 
sewer or drain or to any house sewer or drain connected iherewilh. 



S«c. la. The Superinlendeni shall have the power to stop and prevent 
from discharging into the sewer syslem any private sever or drain tbroU|h 
which substances are discharged which are liable to injure Ihe sewen oi 
obstruct the flow of the sewage 

Sbc 13 Before any old private drain or sewer shall be connected wjtfi 
the sewer system, the owner of the private drain or sewer shall prove to llie 
satisfaction of the Superintendent that it ii clean and conforms in every respect 
with these rules and regulations. 



Sbc. 14. The bouse sewer trench shall be dug so as (o meet the public 
sewer at the position of Ibe "Y" branch, as located by the Superintendent. 
The material thrown from the (rench shall be placed to as not to obstrocl 
and so as to cause the least inconvenience to the public. Proper barriers and 
lights must be maintained on ihe banks of the trench to guard (he pnblk: 
against accidents during the progress of Ibe work. In back-filling the eartb 
shall be carefully rammed or flooded so u to keep the pipe in proper positioo 
and avoid settling, and no stone shall be ased in filling until there has been a 
depth of two feet of (ioe earth or gravel placed over the pipe. 



Sbc. I j. The house sewer from a point three feet outside of the house la 
Ibe street sewer, shall be of first quality, satt-glaied, vtlriSed earlhenware pipe. 
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■ laid less (ban three feet deep, when it aball be of hea^ y casi or wrou^bl 

imeriot diameter shall be incbeg Outside tbe curb line 

Ul be incbes. Subsoil drains shall be of earthenware pipes. 



c. i6. Tbe cover of tbe "Y" brancb o: 

'd, so as not to iujure the socket. The 

" braocb sball be curved and set so as to 

The pipe shall be laid on an even grade of 



e sewer shall be carefully 
length of pipe attached lo 

r a good fait into the sewer, 
less than one-fouilb of ao 



o the foot, unless by special pertni^^sioD of the Superiniendent. id which 
at be made foi regular and efficient flushing. 
Curved pipe shall be used fur every deflection from a straight line of more 

I inches in two feel 
The Joinls of tbe earthenware pipe shall be made with the proper oakum 
egaskel, and pure cernenl of first quality ; the joints of tbe iron pipe shall 
: oakum and lead if cast-iron is used, or screwed joints with white lead it 

:nds of all private sewers not immediately cunnecled with the plumb- 
!s shall be securely closed by water-tight imperishable material If 
pipe, the end mast be soldered, if wrought iron pipe, a plug must be 
n (he end: if casl-iron pipe, a cast-iron plug must be calked in with 

Cellars shall be drained, when possible, by means of suitable, properly 
-Carlbenware tile pipes. They shall not communicate directly wiih any 
L carrying foul sewage, or with a sewer nr cess-pool. Where possible ihey 
;t with the sub-soil drains in the street. 



PLUMBING RULES 



7. All maiirtials used must be of good <(uahty and free from defects; 

nu«l be executed in a thorough and workmanlike manner 
From a point three feel outside the foundation wall of a building no 
vial may be used within tbe building and connecting with the sewer, for 

!, or vent pipes, other than wrooght or cast-iron pipes, with securely 
d joints, or lead pipes with soldered or wiped joints Cement or puiiy 

or sheet iron pipes, whether galvanised or uul. shall not be used 

il ta waste pipe shall have a fall of less than one inch ]*□ ten feet. 
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■ Skc. i8. All cast-iroD plpn raiwt be Kmod, free tram bolM or cncb 
of iba gmSm known in commerce u extra heavy, coated mlb tar or aiphilmt. 
The following weights per lineal fool will t>e accepted as standards: 
3 inches j^ ponnda per lineal fool. 

3 incbss g}i pounds per lineal foot. 

4 inches 13 poundi per lineal fool. 

5 inches 17 poaads per lineal fool. 

6 inches 30 ponndt per lineal foot. 
All wKMghi iron pipe must be of standard wetghl. 
All Gttinga used in connection with sach pipe sfaoll correspODd with il ii 

weight and quality. Where lead pipe is ns«d to connect fixlnres with ve ' 
mm! or waate-pipes. or to connect (raps with vertical vent pipes, it man n 
lighter tbiu "light pipe." 

Tbe amngement of soil and waste-pipes tiinsi be as direct as pOK 
The drain, (oil and waste-pipes and traps ahould, i( proctiCBble, be expned ■ 
view at all times, for ready inspection and for coaveiiieoce of repairing. Wba 
necessaril; placed within partitions or in recesses of walh, bchI and waste pft 
should be covered wiih woodwork so faalened with screws as to be ttidil.' 
removed. 



sinks discharge mi 

inch brancheit. 

The main pipe from the sewer connection to the hoiMa tap mnst be >l leis 
four (4} inches in interior diameter at every pant. No trap or any manKt c 
obstruction to the free flow of air throogh the whole course of the main bofe^ 
sewer or soil pipe uill be allowed. 

This may be secured by an untrapped main house sewer and soil pipe. '^ 
if a trap is placed in ihe main soil-pipe, by a vemilating pipe leading 10 li*- 
roof from the lower side of the trap and a fresh air inlet connecting wilb ll" 
foot of the main soil-pipe just above tbe (rap. 

Every vertical, soil and waste-pipe must be extended at least two 
above the highest part of the ruof or coping. Il mnst be of uttdimini^nl 
without return bend, with open or basket end. Il mnst not open near 1 
dow nor an air shaft which ventilates living rooms. 

Soil, waste and venl-pi|tcs in an extension must be extended above 
roof of the main building, when otherwise they would open within twenl^fc^ 
of the windows of main house or the adjoining honte. 
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«c. lo Alljoinlsin iroa drainpipes, soil-pipes and wnsle-pipes, except 
screw jninis are used, must be so filled wiih oakum and lead and hand- 
d as lo make [hein gas ligbt. 

n conneclioas of lead pipes with iron pipes must be made with a brass or 
teere or ferrule of the !iame siie as the lead pipe, put in the hub of tbe 
i of ifae iron pipe and caulked wilb lead. The lead pipe must be attached 
terrule by a wiped or over-cast joint 
U connections of lead, waste and veni pipes shall be made by taeans of 



Before the li\lu(esafe placed in caiineclion wilh (h« plutnbing 
( bouse or buildiDg. and before the soil-pipe is connected wilh ibe sewer. 
Ulel of the soil-pipe and all openings into it below the lop. shall be her- 
BtitaUy sealed; the pipe shall then be filled wilh water lo its top, and every 
'^iTit tie earelully examined for leaks. Work already in place will be exatnined 
'h! peppermint or other lesl. Defective pipes discovered must be removed 
"Hi replaced by sound ones, and all detoclive joinls made li((hl, and every pari 
fptu work be made lo conform lo these rules and re^julalions, and subject to 
pproi'al of the Inspector. 

I where plumbing work has been compleled in a building before 
rules and regalal ions came io force, if tbe plurubin^ has been done in 
with these rules and regulations, permits will be granted for making 
eiions wilb the sewer as in new work, but in case ibe plumbing ia not in 
e with these rules and regulations, such alterations shall be made a? 
riatendent shall direct, lo make the plumbing safe lu the persons 
g in Ibe bouse, and such as to be no source of injury or stoppage lo Ibe 
In >ll cases ibe soil pipe shall pass Ibrougb and above the loof. Trap^ 
be veatilaled, fixtures and pipes clean, and wasle and snil-pipes to have 



Every water-closet, urinal, sink, waab-lray. bath-tub, aud every 
m of tabs must be separately and effectually trapped. Traps musi be 
■he fixtures as practicable. In no case shall water from batb 
lOtbec fixture be connected with the water-closet trap 

all packin|<-bou>«s, bulchei shops, lard-rendering eslabllsbments. 
boarding-houats and laundries shall be providwl wiih a 
grease ifap. Wash-riwms [pr carriagea must be provided with priiper 
tor intercepting mud. 
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Sk. 13. Trap* moal be protected from ^rpfaoaage. or the «Mi pft 
iMiltng from Iham vantittted by a apecial ut pipe, lakeo oal of tlw aoat i 
tnf. In no cue lesa than two iocbss id diameter tot waler-closet traps, aid^ 
Inch ud a llUiiler for otber tiapi, except when more than fifteen feel ■■ la|tt- 
whM It ihKll Bot be lesi thaa one and a balf incbea in diameter. The Mdicrf 
vaM-pipoa for trapi of valer-doKi* in baiUingi mora Ibati foar ttahm k 
baight, mart be at teui three tncbes in diamaler, with two-inch bnodm k 
Mcb tmpk and for trap* of other fiiitire* not lew than two indiee in diawac. 
hbUw iha tnp is smaller, io which cam the diameter of braDch venl-f^ hC 
Im at Uait aqnal to the diameter of the trap. In all cases vent-ptpea WM ki 
of caal or wrabgbl iron and cooneclBd to traps with brass or lead femle- 

VHil-plpeti mast axteod two feet above the highest part of the mrf ■ 
eoptnf . Tha exieosioo to be not less than i)n«« tncbes ia diameter to iwil 
obstmctioa from frost, or ibey may be branched into a soil-pipe ahora Oi 
inlat from the highest flxinre. The; may be combined by branching loptka 
thoae which aarve saveral traps. These air pipe* mnat always have s coaiin' 
oiu slope Io avoid coUecling water by oondeasatton. 

No trap veal-pipe shall be nsed as a waste or soil-pipe. 

No brick, abeel netal. earthenware or chimney flne iball be uied s 1 
sewer veoltlator, nor to ventilate any trap, drain, soil or waste-pipe. 



Sac. 24. Every lead safe under a wash-tray, urinal, refrigersioror ww 
closet must be drained by a special pipe nol directly coaoecied with m; vui 
pipe, soil-pipe or sewer. Tbe drip pipe from refrigerators sball not ht atr 
nected directly wtlh (he soil or waaie-pipe or with the sewer, 

RaiD water conductors sball not be connected with the sewers vitboui 
special permit. 

OVEHfLOWS PaOM FIXTURBS. 

Sac. 2y Overflows from lixtDres mast, in each case, be connecieJ nn 1^ 
inlet side of the trap. 



Sac. 16. Water-closets must be of an approved pattern |pan closeU l«"* 
absolDtely prohibited), and should be supplied from a special Unli pl»(«l °"' 
them in which case the waste or overflow from the tanlc must discbargo *" 
■be open 



of tbe basin of ibe closel. and not into the soil'pipe iitt^- 



CI service oi .1 wsier-closei is prohibited. 

All interior water-closet compartments abottld be ventilated inio ait •>** 
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Exii-pipes lo ail fiiiures Bxcepi water-closets shall be furnished 
jdnble permanenily aiiached strainers. 

No person shall place, or suffer lo be placed, any bulky anb- 
iD any lewer opening, or in ibe bouse connections, or private drains 
lini with any public, main or lateral sewer, or any substance having a 
gr to obslroct (he free flowage of said sewers or to damage them in any 



Any person violating aoy of Ibe provisions o( these rules and 
Ipas shall be deemed guilty of a misdemeanor, and upon oinviclion 
E be fined in any sum not exceeding lifiy dollars nor less than ten dollars, 

risonment in the for a period not exceeding twenty 

rby both sucb line and imprisonment, at Ibe discretion of the court. 



PLUMBERS LICENSE 



, SEWBR DEPARTMaNT. 



hereby licensed to do 

I accordance with the provisions of an "Ordinance No 

and regalaiing the use of sewers by private individuals in the city oE 



PLUMBERS BOND, 



V «a Attn by Ihist PriietUs. that we , 

City of BS principal, and. . , 

as sureties, are held a 

in the penal sum of . . . . . 

1, Ibe Cily of or lo its cerlai 



1 jirmly bound unto the 
Dollars to be paid 



260 THE SEPARATE SYSTEM OF SEWERAGE. 



For which Payment wall and tniljr to be made, we bind onnelTes and on 
bein, execators and adminiatratora, jointly and severally, firmly by tbe 
preienta. 

Sealed ^xw day of in the year of oc 

Lord one tboosand 

Whereas, Tbe aaid party of tbe first part bas made appUcatioo to b 
licensed to engage in tbe business of plambing in connection with the pnUi 
sewers of said city, whicb license bas been granted, conditioned opoo tbi 

execution of tbis bond, as provided by Ordinance No of the Coomai 

Council of said city, passed 

Nvw, therefore the Condition of this ObHgBititm is such. That if tbe aid 
party of tbe first part sball well and faithfully, and in a worlunanliln miiBer 
perform tbe work of connecting such sewers, and aball save and iodemiufytte 
party of tbe second part of and from all coata, damages and.expenseiiriaif 
from making sncb connectioos, or tbe negligence or cardeasness of the partf of 
tbe first part, bis agents, servants or enployeea in making tbe ssme, tbei tkii 
obligation to be void, otberwise to remain in full force and virtue. 

Sealed and delivered in tbe presence of 



1 1 •••••■ " 



APPLICATION FOR PLUMBING. 



No I ... 

rh* umlrrsi^nevi applies for permission to connect premises No 

Street, vriib the public sewer in 

Street, aiui to vio the necessary plumbing, and I hereby desire a pcnnit to be 

issueii to a regularly autborized and Ikeosrf 

plunil^er, 

I h«rrel\v stipulate and agree that the work on said sewer shall be eiecote^ 
in str;oi vvnformit> w.th the provisions of "An ordinance fixing and regul**"* 
the use of sewers ^\ private in.iividuals in tbe 

« 

anv* :he plans an.* siyvit!cat:or.s approved by tbe Superintendent of Sc**"*" 

An.: the undersigned further agrees that all dii** 

ajtav.*.*: ::•- v -.tx of for damages occasioned in any iw«^ 

V% :he vu::inj: ." . f said sewer sira'.: be ^»aived. and brid null and roid. 

Otrtier 



i 



HOrSK DHAINAGK AND PI.rMUINr,, 

PERMIT TO CONiTKUCT SEWER 

I is hereby given lo 

-to execute the work for 

t leims and dooditions specified in above applicalioa 



B dwelling- i)f any pretentions is now considered com- 
\r even looked upon with favor by a prospective tenant, 
fitted with "modem conveniences," These 
nces are entirely proper and safe if the work is 
lied to proper hands. It is hard to concjeive of a class 
it, however, in wbich wrong methods or poor work are 
ietrimental, or the resulting influences more insidious. 

ouse Drainage. — House drainag^e in its broader sense 

I both the removal of the liquid waste and whatever it 
with it, and also the removal of the subsoil water and 
u-ater. Indeed, what is often spoken of as bouse 

ge is strictly house sewerage. House drainage is the 

&1 of ground water. 

ie Subsoil.^ — The principal distinction between a 
and a drain is that the former, beinp for the convey- 
[ foul liquid, should be absolutely tight, so that none of 
Btents may be lost by the way, and no vapors escape, 
n, on the contrary (as for instance a subsoil drain). 
f>e laid with open joints, so that, the pressure being 
ithout, it will receive the ground water all along its 
and remove it. The functions of the two are dis- 
When both kinds of drainage are necessary, it is best 
) each system distiitct. When a general system of 
ge is already constructed without regard to subsoil 
fe, the householder frequently has no option but to 
:t the drainage system with the sewer proper, A 
~ method in such a case is to make the connection 
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through the medium of a deep seal trap where th 
sewer eaters the house. This connection should be 
an iron pipe, properly caulked into the trap, and ] 
with a brass-seated check valve which will prevent 1 
age from filling the subsoil drains, in case the strec 
becomes obstructed. The subsoil drains should be 
agricultural tile laid well below the cellar bottom, 
joints properly protected. The sides and bottom of 
lar or basement should be thoroughly damp proof, 
aware that this point is generally overlooked. We 
stop to consider that the earth below and about buil 
a great collector and retsuner of filth, and that it 
ciently porous to admit of the passage of air currents 
siderable volume, especially under the infiuence of 
draughts or other like causes. The action is nol 
what would occur if we suppose the house set on a 
60x100 feet, for instance, to which we constantly 
stream of foul liquid, and then induce upward c 
through the house by the action of heat. The cell; 
and floor can be very easily and cheaply made dam 
and air-tight by a coating of some preparation of asph 

House Sewers. — One of the most common blur 
house drainage is in making the house sewer too lar^ 
very rare that any house will require a house drain ( 
pipe which carries the sewage from the house to th 
sewers) more than four or five inches in diameter, ar 
is not uncommon to find a private house provided 
drain large enough to carry the sewage of a town 
thousand inhabitants. This use of unnecessarily lai 
arises from two causes. The ignorance of the own 
not knowing what is required, determines "to hav< 
fnough, any way," and the cupidity of the plumbi 
favors any plan which swells the amount of his bill 
unnecessary addition to the size of a house drp" 
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!ne«d1e5s expense, but renders it more difficult to 
fi drain and keep it clean. This point has been fully 
ed in Chapter VI. 

6 practice of placing the huuse sewer beneath the 
!>or is very objectionable for two reasons: It is out of 
Id cannot easily be inspected, and it is usually laid on 
^grade, especially when it runs beneath the floor for 
derable distance. Where possible the pipe should 
idalon^ the cellar wall, or hunp from the floor beams, 
it can be readily inspected, and can be given a proper 
10 secure a sufliciently rapid flow of the sewage. T 
)s with tight covers, placed along the pipe will afford 
ins of inspecting the interior of the drain and remov- 
truciions, 

je bouse drain within the house should never be of 
tware. It should be of iron, and heavy enough to 
jf having the lead joints caulked so as to be water iifld 

bt. 

roof water is admitted directly to the sewers, the 
jter leader should connect with the main soil pipe 
(^ above the main trap. No waste or soil pipe should 
^cted with the rain-water leader. In a great many 
Iwill be advisable not to discharge the rix»f water into 
tiers, particularly in the case of isolated dwellings 
a portion of it is retained by'cisterns, and where 
pe of considerable extent. In the case of more com- 
puilt city buildings it will often be best to allow the 
Iter to be discharged into the street gutters, espe- 
mere these are properly arranged, and the descent is 
IL 

ifoUctwing table of the behavior of house drains when 
I^Eourths full was calculated by Robert Moore, 
bis. Mo. :^ 
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20x150 
25x150 

30x150 
35x150 
40x150 

45x150 
50x150 

60x150 , 5>8 

7'>xi5o j s^ 

80x150 6 

90x150 
100x150 



Hy an inspection of the Table, we see that a four-in*^h 
main house sewer is ample for any ordinary condition'*^ 
service, even if roof water be admitted, the discharir^* ^^^ 
house sewage proper being- only a very small percenti!,^^^ ^^^ 
the total volume. A smaller size than four inches is not t^^ 
hr recommended, however, for the reason that althouo:h st 
m:iy l>i* ample so far as estimated carrying- capacity i> ^*'^^* 
i rnird, it is more liable to obstruction. Under some v:ir* 
« iimsljiiiccs it may be advisable to increase the size ot the 
Mi.iin (lr;iiri to five or even six inches diameter, this lin^'^ 
'•.lioiiM not l)e exceeded however. If one drain of this size i^ 
not .impK- ii is better to increase the number. 

In order to j)rovide for ventilating* the house drain it 
•JioiiM 1m* liirried full size up throug-h the roof. Thisventi* 
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of house drains iias been discussed in a jtrevinus chap- 

reasc Traps. — The principal danger of stoppaj^es in a 
properly laid, arises from the grease carried 

1 from the kitchen sink. This can be avoided by the 
a grease trap, placed under the sink. The objection 
use of a grease trap is that they need to be cleaned 

Dually, and if not cleaned they g"et very foul. 

nl and ^Vaste Pipes. ^Soil pipes, that is, pipes leading 
water-closets, and waste pipes, that is, pipes leading 
bath-tubs, wash stands, etc., may be either of iron or 
Iron is the better material where it can be used, but 
easier to fit and adjust where the connection between 
lure and the main drain is not direct. All iron pipes 
1 be either enameled or coated inside and out with coal 
rarnish to give them a smooth surface and keep them 
usting. All junctions and changes in the direction of 
pe should be made by easy curves, 
very common fault is to make the upward extension of 
A\ pipe after it passes the highest fisture. of galvanized 
iron, or even of tin. This is highly objectionable. It 
be of heavy iron pipe throughout, and should extend 
tbove the roof. It is a good plan to increase it in size 
the roof to six inches, so as to lessen the danger of its 
obstructed by the accumulation of frost.. Ventilating 
are of doubtful utility. A plain wire basket to pre- 
the introduction of articles liable to obstruct the pipes 

^ere is such a variety of branches, curves, off-sets, 
i etc., etc., now in the market, that there is no excuse 

kward and rough connections and interior project! 

or pockets which will retain the solid portion of I 
e course of all pipes should fa 
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sible, and the fixtures should be grouped so as to be raM 
as nearly aa possible by upright soil pipes and isbort honflio- 
tal soil or waste pipes. Horizontal pipes cannot be carrinl 
any great distance along floors or ceilings or between joisis. 
and preserve a proper inclination, for reasons which m 
obvious. It is customary to make waste pipes, particulark 
short ones, of lead, for the reason that it is much more ea^il? 
manipulated than iron. The proper method of connecME 
the lead wastes to iron is by ins of a thimble solderedto 
the lead pipe and caulked into lub on the iron pipe. 



Traps and Ventilati 
vided with a trap, and sir-' 
late the fouled interior sui 
of the room it is evident 1 
the fixture as possible, i 
introduce a trap whose sea! 
and which will be aelf-cl' 
uniform bore is still in gene. 



cry fixture should be pr* 
object of the trap is wisf^ 
the waste pipe from theait 
; trap should be as close W 
hstanding many efforts w 
)t be broken by syphonagf. 
, the plain-running trap "f 
ise. This trap is liable ('> 



have its seal broken by syphonage, and to prevent this iti' 
necessary to resort to a back air pipe, which is connwlf'' 
with the crown of the trap on the downward side, and passes 
to the roof independently of the ventilating pipe proper, ori* 
connected with it above the highest fixture. This back »if 
pipe should be of ample capacity to preserve the equilibriu"* I 
of air pressure. 

The system of back air vents is open to the followioS 
objections: It considerably complicates the system of piP" 
ing, especially where fixtures are not closely grouper- 
There 'is a possibility of the pipes being fouled at their janC' 
tion with the crown of the trap. It adds considerably totb^ 
expense. 

Back air vents tend to increase the interior circulatrao o* 
air considerably. This is beneficial, so far as purity of tb^ 
interior of the pipes is concerned, but it also increases tb* 
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ration from traps. This will do no barm if fixtures 
I constant use. On the other hand, if special anti- 
oning traps are used, and back vents are dispensed 
I there will be little circulation of purifying outer air 
Bgh the waste pipes. 

General Features. — Corners and recesses within tbe 

iand plumbing fixtures should be avoided. All interior 

should be thoroughly flushed at every rush of water 

Dgh the pipes, otherwise the animal matter left sticking 

le surface will decompose and send off foul gases. On 

account the use of "pan closets," and many patterns of 

t, should be discontinued. The plumbing fixtures in a 

« should be as few as possible. Not only is every addi- 

ional fixture and pipe joint a possible source of danger, but 

Hl- prini-ipal danger from sewer gas arises from rarely used 

ixuires. from which the water in the traps has evaporated. 

The fixtures on the different floors should be arranged 

» to have them as nearly in a vertical line as possible, in 

T to avoid running waste and soil pipes horizontally or 

insufficient fall. 

The less wood-work around fixtures the belter. Not 
does the wood itself become foul, but the space within 
iasing is dark, damp and dirty— a favorable locality for 
Idan^ rot, and a breeding place for vermin. 
Unwholesome smells, which arc attributed to some 
J construction or arrangement in the drainage pipes, 
1 have their origin in these inclosed spaces. 
It is not uncommon in summer, when the air is loaded 
moisture, to see water accumulate in bead-like drops on 
surface of plumbing fixtures or pipes which arc kept 
by a current of water from a tap, and course downwanl 
tot in Htreams. If the fixtures are not inclosed Ihiy can 
sadily wiped dry. If inclosed they receive no attention. 
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and the accumulation of dirt and moisture becomes verr 
oflFensive. 

The better kinds of water closets are made so as to 
require no wood surrounding- them, except a cover. Avery 
g-ood way to fit up wash stands is to support the slab upon 
brackets fastened to the wall, leaving* the under side entirely 
open, and the pipes, traps, etc., entirely exposed, or par- 
tially hid by a narrow slab placed edg^ewise under the shelf 
proper, and extending- downward about six inches. 

So far as possible it is preferable to have soil, waste and 
ventilating pipes exposed, to having- them inclosed within 
partitions where they are inaccessible either for inspection 
or repair. 

This method of arrang-ement is not without its influence 
on the plumber. He is not less inclined to pour lead joints 
properly, or to thoroughly caulk them all around, or to make 
neat and perfect wiped joints, than when he knows that 
the carpenter or plasterer will cover his work within a few 
hours. The average house owner will look upon this 
arran<»:ement as decidedly lacking in finish and not in har- 
mony with interior decorations. Neither is a stove pipe, a 
furnace register, a steam radiator, or a gas fixture. Thisi^ 
lar*4"ely a matter of education, and possibly we have been 
wronj^-ly lau«j^ht. It is not customary, however, to pto 
these fixtures in rooms where any exceptions can be taken 
to this method of arrangement. 

Tile common practice of placing water closets and other 
plumbing fixtures in dark, ill-ventilated places, such as 
inside rooms, dark closets, under stairways, etc., is wroni^^in 
everv way. All plumbing" fixtures and pipes should as fara> 
possible, be kept open to the air and light. The places 
which are naturally the most foul stand most in need of sun- 
lij4"ht and pure air. 

Where it is possible to avoid it, no plumbing fixtures 
should be placed in a bedroom. During the night some 
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CQfliposition wilhlje going on above the trap in any fixture, 
jdsomc foul gas will be given off. This, with the <:hance 
sewer gas coming in through some defective joint, pipe or 
a.y makes the risk too great to be taken if it can be avoided, 
hey should be confined to the bath room, where special 
eans of ventilation can be employed, and to the kitchen 
bndry and similar rooms. 

A multiplicity of fixtures should be discouraged. A 
• rarely used is a greater source of danger than one 
I I'quentiy. 

r.irticular care should be used in arranging the veotila- 
onof a building, so that the air currents tend to pass out- 
ard from the group of rooms containing plumbing fixtures, 
■esh air being admitted to other portions of the building. 
'he facility with which this can be accomplished, and also 
le proper grouping of fixtures and simplicity of the system 
f pipes will depend largely upon the architect. 

The ornamentation of porcelain ware and of surround- 
ig wood-work by raised or carved patterns is positively 
etrimental. A perfectly plain, smooth impervious surface 
» more conducive to cleanliness. 

Everything connected with house drainage and plunib- 
Dg should be of the best material and most thorough work- 
Danship. The best plumbing is not toi> good. By best 
dumbiDg is not meant the most showy, or necessarily the 
lost expensive. Water closets and sinks are not the most 
■Ppropriate places for gilt and tinsel. On the other hand, it 
s poor economy to risk health and life on cheap, bad work 
1 the sanitary arrangements in our homes. 

When the soil, ventilating and waste pipes are all in 
fo^lion, and before the fixtures are put in place, a test of 
hethoroughness of the work should be made. This can be 
•wie in a variety of ways. The following will be a very gmjd 
•si; Close up the main drain where the iron pipe ternii- 
tates outside the house wall, a^^h^exoMed ends of all 
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pipes where fixtures are to be connected, and the fresh air 
inlet, if there is any. The ends of lead pipes should be left 
somewhat longer than necessary, so that this can be convai- 
iently done by flattening: them and closing' with solder. 

When all openings in the entire system of soil, waste 
and ventilating; pipes are tig:htly closed below, fill the entire 
system with water from above nearly to the top, and mark 
the height at which the water stands. If no leakage is 
apparent and the water stands at the same level for some 
hours, the joints may be considered good. The entire wart 
should be carefully inspected while under pressure, and 
joints re-caulked where necessary. 

It is not proper to connect waste pipes from refrigera- 
tors or safes, or overflow pipes from water tanks or cisterns 
directly with the sewers or waste pipes. The discharge 
from these can be often collected at a common receptacle, 
however, which is isolated from the aewers by special 




CHAPTER XII. 

COST AND ASSESSMENTS. 

tarative Cost of the Separate and Combined Sys- 

^e««Yi/ comparison of the economy of the Sepa- 
Combined Systems of sewerage can be made. It 
n all cases on the condition of each problem, and 
re economy in a particular case can be determined 

competent engineer, after thoroughly considering 
-ements to be met. 

dicated in a previous chapter, there can be no ques- 
3 which system will secure the most perfect and 
house drainage, whatever the conditions may be. 
parate System proper we are seeking this with a 
a, and may adopt anything conducive to it and 
/thing detrimental to it. How far we may depart 

line from considerations of apparent economy is a 
lestion. 

st not be forgotten that we are establishing a com- 
tem of subterranean communication between the 

of all classes of society, interposing but a small 
F water as a barrier to the circulation of air cur- 

1 when street water is admitted we are introducing 
lement of danger. 

any of the smaller cities of the United States (and 
comparatively numerous, as shown in Table H) 
be no question as to the superior advantages of the 
System in economy, efficiency, and adaptability to 
quirements to be met. In cities of this t 
>nstruct a Combined System ill adapted to 
The question of relative cost, though favoring the 
, therefore, not a pertinent one. 




A comparison as to cost can only be properly draviniii 
the case of cities where considerable areas are paved and Hit 
storm water from them cannot be carried to the nearol 
stream without accumulatingf in the g'utters to a di^ret 
interfering with biisiness or threatening damage to prop- 
erty. 

The admission of storm water to small streams travers- 
ing a city is entirely proper and generally beneficial. My 
filth brought from foul pavements is thoroughly removedbj 
the after-flow of the rain which brings it, and also the filA 
accumulated in the bed of the streams during- low stages rf 
water, which is so potent a factor in pollution and theatCB- 
mulation of which, despite the stringent ordinances in forw 
in cities of this class against the pollution of streams, il 
seems well nigh impossible to prevent. 

Even in the Combined System it is usual to provide otM^ 
flows for the escape of a portion of the storm water into tiie I 
natural drainage channels, j 

"No ByBtem ot sewerage yet proposed in any city contempUles Ihc remoni j 

as discbarge for short intervals two or three ioches of rain io an hour Tticsc 
occur at long intervals and are of sbort duration and the damage is usiullr 
con lined Io limited areas, while the construction of sewera to meet the conlii- 
gency would be attended with enormous expense over the whole city, botb ia 
construction and repair, and prove of doublEul efficieacy when saddenly called 
upon, and extremely objectionable a-t conduits for the ordinary Qov. of seoage.' 

In cities of this class, then, we may properly compare 
the cost of the Combined System uniting the house and man- 
ufacturing wastes with the storm vfater for remov'al in the 
same conduit on one hand, with the cost of the Separate Sys- 
tem proper, supplemented by conduits for the separate 
removal of surface water, where such are necessary, dis- 
charging into the nearest water-course. Sewers for house 
drainage are required in every street or alley. Conduits for 
the removal of storm water from streets are required, with 
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iStceptioHH, only in alternate streets, extending from 
ffSatural drainage channels toward the summits. 
^ It will thus be seen that even in very densely built por- 
S of a city, if the sewage proper can l»e combined with 
I water without necessitating' an extension of the 
|COnt-fall sewer, which otherwise would not be required. 
EKwera in alternate streets extending parallel with storm 
rconduits, and in every street intersecting them, ma.y 
e house drainage exclusively, In be finally discharged 
tothc common out-fall. 
In this case if the city be laid out in regular squares, the 
irate System wnll reach three-fourths of the dwellings 
iitllotit requiring a double system in any street. 

It often happens, however, that such a combination can- 

<t be made without requiring the construction of a long line 

fODl-fall sewer of large diameter, at a comparatively large 

»t, which, if the storm water was not combined with the 

■(wage, might be of comparatively small size and cost. 

In designing a sj-stem of sewerage, then, the vital ques- 

1 is not properly that of the comparative cost of the Sep- 

Ste and Combined Systems, hut n question of the proper 

AS to be adopted for doing the work required to be done. 



Cost of the Separate System.- The principal items in 

lie cost of sewers arc: the pipe, trenching, laying pipe and 

iling the trench, man-hnlcs, flush-tanks, lamp-holes and 

[inhering and superintendence. 

The pipe manufacturers issue price lists, and these 

i^b the discount (depending upon the season, amount 

Quired, etc.) can be obtained by applying to the agents or 

toenU offices. 

The only very uncertain item in the list is the second — 
baclliag. laying pipe and refilling. This will depend upon 
t natore of the soil in which the sewer is laid. 
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(Quicksand is the most difficult material to manage. It 
will cost from two to five times as much to put in a sewer in 
<|uicksand as it will in ordinary earth. 

Examples of Cost from Actual Work. — As a guide in 
estimating the cost of sewers of the Separate System a few 
instanocs of the cost of actual work are here g'iven. 

In Table XXVII will be found a statement of bids 
received on sewer construction in Schenectady, N. Y. 

The soil in which these sewers were proposed to be laid 
was, for the most part, favorable. It was necessary, how- 
over, to sheet pile the trenches nearly all the way. Very 
little hardpan was met in construction. About 1,500 feet of 
the Front Street main sewer was laid in quicksand, the 
water risinj^ to an avenig-e depth in the trenches of about 
two and one-half feet. The cut under the New York Cen- 
tral Railroad, on Front Street, was peculiarly' diflScult, the 
depth of trench at this pi>int being sixteen and one-half feet, 
the lower fi>ur feet of which was quicksand and vi'ater. 
Moro or less ijiiicksand and water were encountered on all 
\Uc street^ leadini^ from the l»)wer levels of the town to the 
platiMii oil the east, and also in White, Romeyn, and Fonda 
Sti\'i'ts, St>uil] A\enne and Nott Terrace. On the eijfhteen- 
iMv li main in l-'oiuia Sir».'ol about twi> hundred feet of rock 
\\.>rU \\.»^ viKfiinirml. a\erairinir about two and one-half feet 
x\kk\\ \\ w.i-- i\'nb»\i'ii by the oontracu>r at a cost of about 
nnu'i\ v^ni-- jhm* v ■.:'>: k' yard and no extra allowance was 
ni.ulv' iIk'Tv'I.t. 

ri'v- V 0:%: ■.:■., »•/.-. :.»;■. :ul in S,.'henectady do not seem to be 
wtiiv.x .,'. \.-: .r.iv. \\ ■.':: '.h.'^-o ordinarily met with. 

r!u' V.' v.-...: \v..*- .iw.-.r/ii'd :«» the bidden whose name 
» : Wv .'. • ::'.v ^v "'Ot'.'.i'.i ■•:" bids, at the prices therein' 

\ •..-. \ --V.V * vv'.'.:. tV-e work was completei' 
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The following is a detailed estimate of the w.irk 
finallj' completed and represents the total cost of the m 
exclusive of engineering-, expenses of sewer comniiss 
land damag-es, preparation of plans, records, etc.T 

Excav-aliqn Sio.Saj 4J 

Pipe and laying 11,219 37 ' 

Acteraories. , . 5.73Q 87 

Tolal, (18,792 67 

A ioIbI COS!, for construction proper, of S SS pcf lineal fool. 

The work afforded the contractor a reasonable p 
but it is doubtful if at present prices it could be duplic 
At the time bids were submitted common laborers ciml 
hired at from one dollar to one dollar and twenty-five t 
per day. 

Prices of material were also depressed. The e 
cost of the system, including man-holes, flush-tanks ai 
accessories, all expenses of engineeringf, and preparati 
plans and records, expenses of sewer committee, an 
cost», of whatever nature, chargeable to the sewers wa; 
per lineal foot. 

A tax of S2..7O per capita on the population accoi 
dated by these sewers, or a tax of one-half of one per 
on the assessed valuation of the city would have paid 
cost. 

In Table XXVIII will be found a statement of 
received for the construction of a system of sewers in 
Troy, N. Y. The contract was awarded to the bi 
whose name appears first in the Table. 
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TBB SKPAHATK SVSTKM OF SEWI-IRAGK. 



The general statistics of the sewers are as follows: 

Total leiig^th of sewers (18 8-10 miles) 96,31it feet 

Total cost (exclusive of general expenses).Sy5,241.78 

Total cost per foot 99 cents 

Deepest trench (rock) 16 feet 

Number of flush-tanks 116 

Larffest siie of pipe ..18 inches 

Snuuleat size of pipe (witb few exception^) . 8 ** 

Namber of cansl crosaingB . . .-. 7 

Number of oatleta 7 

Longrest continuous liae of aewer. ..Alxrat 9,000 feet 

Number of floilbioff inlets frooi cumL < 

Datam level Low water in tbe-Hndaon Rivee 

L,eii«rth of drain tile 48,996 feet 

The system is almost entirely tiie Separate Syst^ 
Tbe only reception being a small territory tributary to tkt 
Sixth Street main from which snr&ce water is admitted 
As will be seen by the accompanying map, the village basi 
river front on the Hudson of about two miles. This affords 
an opportunity of employing several outlets, and makes it 
possible to carry the sewage to its out-fall in the river bj 
short, direct lines, except in special cases. By dividing tbe 
whole territory into several distinct systems, each with a 
separate outlet, large mains were avoided and the cost of 
construction materially reduced. 

The village extends back from the river about half a 
mile, and as the general direction of the main was towards 
the river, no very long lines were necessary. The surface 
of the ground falls towards the river with sufficient slope tor 
sewer grades, so that flat grades were rarely oecessarj. 
The Erie canal runs through the village from north to south, 
nearly parallel with the river, and about 800 feet from it. 

The surface of the water in the canal is on the average 
about level with the natural surface of the ground near the 
canal; in places rising above, and in places falling below il. 

Besides the main line of the canal there are two braoch 
canals, leading to the river, and two large basins. The* 
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-anal, branches and basins, greatly complicated tbc work of 
designing the sewers, and increased the cost of construc- 
tion. 

The material to be excavated from the trenches con- 
sisted of gravel, sometimes containing large boulders, clay 
and rock, varying in quality from soft shale, which yielded 
readily to the pick, to hard argillaceous rock, seamed with 
quarti. 

The canal banks intercepted the natural flow of the 
ground water towards the river and materially increased the 
trouble from this source. Since the water in the canal was 
about level with the natural surface of tbe g;round near the 
canal, it is readily seen that the ground in the vicinity of tbe 
canal would be water-soaked, and that wet cellars and diffi- 
cult trenching might be expected. In several places in the 
village the rock came to the surface in ridges, leaving 
pockets of considerable extent without drainage. In these 
places wet cellars were common. So little attention had 
been given to drainage that in some places stagnant pools of 
considerable extent remained all summer. 

The following is a statement in detail of the cost of the 

Earth Excavation $ 16,008.23 

Rock Excavation 26,891.79 

Sewer pipe laid in the trench 26,716,74 

Drain tile laid in the trench S,446.S4 

Manholes 4,617.00 

Flush-Tanks and connections and Plnsb- 

ing Inlets 11,699.60 

Lamp-Holes 795.00 

Iron pipe— laid 4,209.86 

Outlets and miscellaneous 4,S]3.04 

Expenses of Sewer Commission, engi- 
neering, land damages, superiaien- 

dence 16,902.42 

$113,799.42 
Cont per foot of tbe entire system SI. IS 



2(2 THE SKPAKATK SVSI EM OF SEWERAGE. 

The ag-gregale capacity of all the sub-systems eoan» 
ated is 3,940,(Hlil gallons of sewage proper per day. Equal 
75 gallons per diem per capita for a population of 52,5.W, and 
at the same time a capacity to discharg-e about 2, OOO.OfX) gal- 
lons of subsoil water per day. The total volume on Ihi 
assumption will in no case fill the aewer more than 7I-HWof 
its diameter at the time of averagre maximum daily dis- 
charge, 

The following is a schedule of bids received for con- 
structing a system of sewers in Dayton, Ohio; 
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274 THE SEPARATE SYSTEM OF SEWBRAGE. 

This system is still in process of construction. The 
cost of construction proper, not including* the expenses of 
the commission for land damages, engineering and other 
general expenses of a like character for the heavier portioo 
of the work including main sewers that are intended to serve 
other districts is as follows: 

Brick sewer, 42 inches in diameter, 1304 feet. 

40 ** " " 30 " 

36 '* " '* 3380 " 

30 '* " " 1809 " 

Pipe sewer, 18 " '' ** 900 '* 

12 ** " *' 624 " 

10 '* ** '* 7853 ** 

8 '* '* " 30478 " 

Man-Holes 135 

Flush-Tanks 45 

Lamp-Holes 166 

42-inch iron outlet 100 feet. 

Cost of construction to date $57,040. S>^ 

Cost per foot including man-holes, flush-tanks, 

etc $1.25 

The work has been peculiarh' difficult for the reason 
that nearly all of the brick sewer has been laid in ground 
below the level of the river at times and it has been neces- 
sary to keep a steam pump in operation continuously day 
and night, and in some instances two of them. The remain- 
ing portion of the work is much less difficult and the sewers 
of smaller diameter, being mainly laterals, so that the cost 
per foot of the entire system will be considerably reduced. 

A pumping station has been constructed capable of 
handling i?(),00(),(H)0 gallons of sewage per da}^ at a cost of 
$*>,:)()L\!i() for the building and $5,810.00 for the machinery. 
This will add about $.19 per lineal foot to the cost of that 
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portion of the system which it is proposed to construct at 
present. The pumping- station will ultimately serve a much 
wider territory however. 

The following- Table g-ives in a condensed form valuable 
information as to the cost, etc., of thirty-five sewerage sys- 
tems. It was compiled from information gathered by the 
Public Improvement Commission of Troy, N. Y., and 
appears in a more extended form in the Engineering Record 
for October, 1891: 



jhany, Pa. 
yaa. Pa... 

imingtoD . . 

uffalo 

irliDglan, Vt. 

imbridge 

v.amden, N. J , 

CoDDcii Bluffs. 

Delroit 

Dubuque 

East Safinaw. . 

Erie 

Grand Rapids. 
Kansas Cily. . , 

Lancaster 

Lawrence 

Little Rock 

Milwaukee. .. 

Newark 

New Haven . . . 
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2(8 THE SEPARATK SYSTEM OF SEWKRAGE. 

The Table also g^ives valuable informatton as to the 
practice, with reference to grades, cost of cleaning and 
depth of sewers in the cities mentioned. 

Examples of Cost Computed from Time Book.— TaWts 
XXXI, XXXII, XXXIII and XXXIV were compiled by Mr. 
W. E. Ely. They were computed from notes taken ia 
actual work, and represent actual cost to the cootract'ir. 
An allowance of fifteen to twenty-five per cent, abov-e thorf 
prices would be proper in tnaking; preliminary estimates nf 
cost. The soil was loam, sand, and g-ravel, and the roadway 
compacted gravel. The trenches were sheet piled the 
entire length. 

TABLE XXXI. 
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Laborers' wages, $1.50 per day; superintendence, $10.00 
per day. About one-sixth of the trenching" was in water 
whose average static level was two feet above the grade line. 
The soil was of average compactness. The trenches were 
sheet piled nearly the entire length. 

TABl«E XXXII 

ACTUAL COST OF LABOR AND MATERIAL. 
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^Considerable water was encoantered at this depth, which accounts for the increased 
cost of excavation. 

Laborers' wages, $1.50 per day; superintendence, $10.00 
per day. Nearly all trenching was dry. The soil was 
rather favorable than otherwise, but required sheet piling. 
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Laborers' wages, $1.50 per day; superintendence, $10.00 
per day. Much of the work was in wet trenches, requiring* 
about one man in every ten at the pump. In some of the 
deep trenching the static level of the water was (ive feet 
above the grade line. The soil was tolerably compact, 
except where water was found, where there was quicksand. 

Table XXXV, taken from the Report of the Bureau of 
Sewers of Chicago, 1891, shows the cost of the sewers built 
in the City of Chicago in 1890. . These sewers are on the 
combined plan. 

TABLE XXXV. 

NEW SBWSRS AND CATCH BASINS BUILT IN CHICAGO DURING THS YEAR 189O 

AND COST OP SAME. 



• 

Length. 
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C(»ial3,9Mcatoli4>Miub«iU..... f H9.440 oo 

Com 010,709 cubic yanto of fad(eic»«Mad.. 23.48200 

Total lor lawert ind catch-lMmns lfSn4,gigfi 06 

' The cost of the entire Combined Seweragre system of 
the City of Chicago, up to and inclndtog 1890, is shown by 
the same report to be about ^.65 per foot. The system 
consists of about 784o787 miles, of which 880.694 miles are 
constracted of brick and ^34.048 miles of vitrified clay pipe. 

From the annual report of the city engineer of Pnm- 
dence, R. L, 1890, it appears that the average contract cost 
of labor per foot on the different sises of sewers built ia . 
^ Providence during the last three years has been as f<dlows: 

8 inch pipe in basin connections. $0 68 

15 *• *• sewer... ....130 

18 " ** ** • 1 84 

16 *^ single course brick sewer 1 70 

18 ** ** " " " 2 05 

v^) •» ** ** ** '* 2 03 

^^ ** ** ** ** *' 1 50 

24 ** ** ** *' *' 2 55 

4.S - lUnible ^* ** ** .% 3 25 

20xJ^> inch sinjj^le course brick sewer 2 15 

^2^2\:^*^ ** ** ** " ** 2 60 

)lAxM * ** 2 30 

2«>x:V,^ *^ double ** *' ** 2 60 

^x4l> ** ** ** " ** 3 00 

:V^x-H '* ** 2 65 

3<x.%7 •• •* 3 67 

44>x6t» *" "' *" •• ** 5 47 

Rock excavation iH>r cubic yard 4 00 

The averaire cut tor 1^ and 15 inch pipe sewers was 
^V>at l± feet, tor brick ^stewers 13 and 15 feet, with the 
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■exception of the WxtiO inch sewers, when the average cut 
■as about 24 feet. The excavation was mostly in sand and 
K^ravel. 

Maintenance of Sewerage.— The cost of cleaning and 
fc repairing sewers, the cost per mile, and number of miles; 
Lalso the nitmber of catch basins and man-hole chambers 
r-distributed in the three divisions of the City of Chicago, 
['according' to the report of 18!>0, is as follows: 



D.v„ 


1 «.„..,..„, 


Number ol 
Oleb-Buiiu. 


Hq™ Ch.inl»"' 


Wesl 


319074 


10.968 


"1.337 


South 


1 31^.146 


10,041 


w.ijS 


North 


<53.4i7 


5.480 


6,395 


TolaU 


784-737 


^6,489 


19.990 



The cost of repairing sewers during the year was $14,- 
648,97. being an average of $10.67 per mile. 

The cost of cleaning was $107,873.34, making the aver- 
age cost S137.46 per mile. 

The total cost of both repairs and cleaning was $122,- 
5S2.31, an average cost of Sla6.13 per mile. 

Accounts, as found in the reptirts of Sewer Depart* 
ments, are rarely classified so that the cost for maintenance 
and repairs of the Separate System can be isolated. The 
cost of maintenance is very slight, however, being confined 
almost entirely to the cost of an inspector who has the care 
of the system and inspects it at frequent intervals. 

According lo the report of the Sewer Commissioners of 
Brockville, Ont., the yearly cost of a system of about nine 
miles, coating about $100,1)00.00 is $400.00, $200.00 of which 
JB for repairs. 
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THE SKPAKATI*: SYSTEM 01-' SKWIiKAGK. 

;ost of maintenance of forty-two miles of 
ite System, in Memphis, in 1S89, is g'iven as fct 
;s 111 me Engineer's report: 

MAINTENANCE. 

Repairing- flush-tanks $1,648 5o 

Repairing man-holes 

135 obstructions removed 

Repairing streets , , . 
Repairing damages ... 
Repairing sewers . . , . 
Cleaning sewers, main 
Cleaning sewers, latere ... 

Tools, etc 

Office expenses 

Superintendent 

Miscellaneous 



4;{ 


l« 


718 


014 


361 


11 


30 


10 


127 


81 


89 


46 



l/iW 00 
185 93 



Some of the items, particularly $1,6+8 for repairing 
flush tanks, seem to be large for an average year. 

Sewer Assessments. — The following are some of tbe 
many plans adopted for assessing the cost of sewers: 

1. By a general sewer tax, paying for the sewers as 
fast as they are built. 

2. By issuing bonds and providing for their gradual 
payment by a general tax, 

3. By assessing the property benefited. 

4. By paying for the sewers by a general tax, and 
charging for permits to connect private sewers. 

5. By assessing the property adjoining the sewers id 
proportion to the frontage of each lot. 

6. By assessing the adjoining property in proportion to 
the area of each lot. 
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7. By assessiag; the adjoining property in proportion to 
(e value of each lot. 

By assessing a certain part of the cost on the adjoin- 
f property in proportion to the frontag'e (or area, or value) 
Bd raising the remainder by a general tax. 

By assessing a certain uniform amount per foot 
Wnt on adjoining property and paying the remainder by a 
^neral tax. 

The method of assessing the cost of a sewer upon "the 
■operty benefited" gives rise to perplexing questions. 
lie judgment of different individuals will differ widely as 
I the limits of the districts benefited, the proportion of 
nefit derived by each lot owner and the relative value of 
e lots. 

In assessing the cost of sewers in any section on the 

fitting property a difficulty arises from the fact that some 

of any system will be much more expensive than 

ikhers, and the extra cost will not be justly chargeable to 

e adjoining property. 

In designing any system of sewers, the sewage of a 
iiole town, and the convenience of all the citizens, will 
^uire the construction of mains costing from two to four 
» much as the laterals, and the conformation of the 
vund may necessitate much deeper cuts in some localities 
1 in others. To compel the owners of the lots adjoining 
• mains and deep cuts to pay all the cost of them, when 
the extra cost is incurred to benefit distant territory, is a 
manifest injustice. The burden of the expense may be 
more nearly equalized, either by paying for the whole sys- 
tem by a general tax or by assessing upon the lots a uniform 
amount per foot front (or in proportion to area, etc.), and 
paying for the remainder by a general tax. 

To charge for connecting private sewers with the public 
sewers, more than a nominal fee to pay for inspection, is not 
advisable. The policy should be to encourage the citizens to 
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use tbe sewers and abaadon the objectionable methods fm* 
the disposal of sewag'e which ar« employed where sew«* 
are not used. 

The most advisable method of sewer assessment to 
adopt in any place will depend upon the conditions. Amoi^, 
the most important considerations are the following: 
Whether the whole system of sewers is to be built at once or 
by piecemeal, whether there ia to be one outlet or several— 
that is, whether there are distinct sewer districts, the oust 
of the sewers and the llnancial ability of the citizens. 

It is evidently impossible by any of the above meth 
to difTtribute the cost of sewers with absolute justice. Tfc«' 
method of general taxation discriminates against outlying 
property adjoining which no sewers are built. It is applio- 
ble to districts the whole of which are tributary to one sys- 
tem where the system is all constructed at once so that aD 
property is benefited. 

The method of assessing in proportion to frontage dis- 
criminates agrainst shallow lots and vacant propertv. The 
method of assessing according to area discriminates against 
deep lots and vacant areas. 

The method of assessing according to valuation, espe- 
cially where the tax is all spread in one payment, discrimi- 
nates against improved property as against vacant properij 
which may possibly be improved the following- year. 

According to information gathered by Cambridge. 
Mass., it appears that out of 66 cities 13 paid the cost trf 
sewers by a general tax and 53 assessed benefits. 

Of the 53 assessing benefits, 14 assessed the whole cost, 
15 assessed three-fourths of the cost, 10 assessed three- 
fourths of the cost according to foot frontage, 12 assesseil 
one-half to three-fourths the cost and 2 assessed less than 
one-half the cost. 

The prevailing rule among those who clearly state tbcit 
practice is to divide the coat according to frontage. 
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The City of Providence has given considerable attention 
lis question and assesses according to frontage for a cer- 
i depth from the street, and for a certain, depth farther 
tSesses according- to area. 

This combination of the methods of area and frontage 
nds to correct and equalize the discriminations of either 
Bthod used singly. 

Whatever method of assessing benefits be adopted there 
I be a proportion of property owners that will be dis- 
ised if the whole of their assessments be levied for collec- 
I in one payment as is almost universally the custom in 
e United States. 

In many cases it means to the owners of such property 

tactically a forced sale of the property. This seems to be 

oper field for the application of the principles of the 

Hilding and Loan Association, or in other words a massing 

I capital and an association of interests for the purpose of 

Ktributing costs over a series of years and obtaining 

loney in comparatively targe amounts at correspondingly 

IT rates. The application of this method to special assess- 

ts, whichever of the above mentioned methods of deter- 

ning the proportion to be assessed be adopted, is ncit at all 

Itricate as will be shown later. The municipality is not 

B interested in so distributing the cost than is the individ- 

Statistics show that a very small proportion of cities 

lay as they go." Almost without exception they borrow 

E large amounts on long time and usually at low rates. 

unavoidable in a wise policy of public improvements 

] sound finance. Otherwise public works would necessa- 

be constructed piecemeal at a greatly increased cost, 

I a great loss of efficiency, or on the other hand, if the 

[oper amount of capital were massed at one time for the 

pnomical and efficient construction of a system of sewers, 

r works or other public works of corresponding magni- 

Idc the variations in the percentage of taxes levied from 
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year to year would be appalling^ and undoubtedly there 
would be an exodus of the population. 

Let us assume, for the purpose of illustrating", that itiii 
proposed to construct a system of sewers for a certain dis- 
trict, which is entire within itself (whether converging to a 
single outlet or not does not matter so long" as a like propor- 
tion of the cost may properly be distributed equally over the 
territory in question). Let us assume also that the cost of 
the system complete, including general and extraordinary 
expenses is $1.00 per lineal foot and that private property is 
deemed to be benefited to the extent of $.40 per lineal foot 
on the frontage plan on each side of the street and that the 
balance of the cost, which will be somewhat in excess of S.:^) 
per lineal foot, by reason of street intersections and the 
rebates which it will be necessary to allow in order to equal- 
ize the assessments on corner lots and triang-ular pieces, be 
borne by the citv. We will assume also that this amount 
borne by the municipality is equal to one-third of the t"ta; 
cost for the purpose of simplifying the problem, and that it 
is desired to distribute the cost of the sewers over the term 
of 10 years, principal and interest to be met by K^ equal. 
annual j)ayments. 

In the case of a property owner having- an ordinary l"t 
of r)0 feet frontaj^-e the total assessment w^ill be S20.oi>. In 
Table XXXVI will be found the amount of equal annja! 
payments, of principal and interest combined, necessary !• 
cancel a loan of SlOD.oo at various rates, and maturing" in any 
number k\{ vears, from one to iiftv. 
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TABLE XXXVI. 




1 


Shewing lb e amouni of equal annual payments (of priocipat and mterasl ^^| 


biDed) necea 


sary to cancel a loan ot fioo. at 3. 3^. 


. 4H. 5. 6 and 7 per ^H 


. payable a 


QDually aod maturiDg in any number of y 


-are from 


to 50 ^^M 




PER CBNT. ran ANNUM. ^^H 




<•] 


.")« 


.., 


.o4>4 


-05 


.06 


1 




lOJ.OCO 


103.500 


104.000 


104.500 


105.000 


106,000 


,„.. ■ 




SI. 26. 


Ji 


657 


53.0Z0 


5.i-4i3 


53 


780 


5-1-544 


55 


309 




35-362 


35 


699 


36.C26 


3^.37" 


36 


7J6 


37 4" 


38 


105 




16.90] 


a? 


219 


27.550 


27.877 


28 




28.857 




523 




2, .832 






22,464 


22.778 


23 


096 


23-74' 


24 


3B9 




i8.,6o 


iS 


77' 


19-077 


19,386 


19 


702 


20.337 




980 




16 049 




3ii 


■5.662 


16-969 


17 


182 


17-9'4 


iH 


555 




■4 ■'44 


14 


548 


14.852 


.5.'6' 


15 


472 


16, .03 




747 




ti.Sij 


13 


145 


13.451 


13.757 


M 


069 


14,702 


15 


348 




tl.713 






■2.330 


12.637 




950 


13-586 




23S 




.lo.soa 






11.416 


11.725 




039 


12.679 


13 


3J6 








348 


.0.656 


10.966 




28J 


U 9S8 




590 




9 403 




707 




.0.328 




fi46 


.1.296 




965 




8 8S3 


9 


'57 


'9^467 


9 7«i 




.OJ 


'0.759 




434 




8-377 


8 


Mj 


8.994 


9.311 


9 


634 


10.296 




979 




7-96. 




JI.8 


8^20 


a. 902 


9 


227 


9.895 




JS6 




7 596 


7 


904 




S.542 


S 


870 


9.544 




242 




7.171 


7 


580 


7^899 


8-224 


8 


SSS 


9.256 




94' 




6.981 


7 


294 


7.614 


7-941 


8 


275 


8 96' 




675 




6.7... 




036 


7-358 


7 688 


8 


024 


8.71H 




439 




6.487 


6 


804 


7.128 


7.460 


7 


Soo 


S.JOQ 




229 




6->75 


6 


593 


6.920 


7-2J5 


7 


597 


8.305 








6.081 


6 




6.73" 


7.068 


7 


414 




8 


»7i 




5.905 


6 


»27 


6.SS9 


6.899 


7 


247 


7:^8 


8 


719 




5 74i 


6 


o5B 


6,401 


6 744 


7 


095 


7.823 


8 


58 ■ 




S-S94 


5 


9SI 


6.257 


6.6o» 


6 


gse- 


7.690 


8 


456 




s 456 


S 


7»5 


6,114 


6-172 


6 


829 


7,570 




343 




5-319 


5 


660 


6,001 


6. 352 


6 


711 


7. 459' 


8 


239 




5.111 


3 


545 




6,34. 


6 


603 


7.358 


8 


'45 




3.1M 


J. 437 


3 783 


"•■» 


6.505 


7.263 


8.059 ^H 


(Tibls concludid on nnl Pi^eO ^^H 










„=.„.». 


«-„-. 






•■3 


.•3J< 


.04 


.<HH 


-<*S 


.06 


-07 


5' 


3.«» 


5W7 


S.6B6 


«.<H4 


«.4.3 


7-179 


7* 


3* 


4-9«^ 


5-«44 


3.595 


5.956 


6.j«b 


7. IPO 


'f 


9) 


,.tK 


5- 137 


5-5»o 


5-875 


C.»49 


7.0*7 


'5" 


34 




S-W* 


3-43* 


5798 


6.176 


6.g6o 


T-)«" 


3S 






333S 


5.7«> 


6. .07 


6.897 


7-m 


ss 




3;^ 


J.«9 


5.«H 


6-«H3 


6.839 


7.«Il 


37 


4.311 


4.Kt 


S.«S4 


5sg>t 


5-984 


6.786 


7«M 


3B 


4-44fi 


4-79B 


S.163 


5-5*«> 


S-9»8 


6.736 


7-JI» 


39 


4.3ai 


4-7» 


5..0* 


3.4» 


5.aT« 


6.689 


7-S3> 


4" 


4-J* 


4.a] 


5.«S« 


S4M 


3.te8 


6.646 


7-J" 


4t 


4-»7< 


4-630 


S.ooi 


S.JM 


5-7** 


6.606 


7.(« 


4* 


4.119 


4.SS0 


4 954 


5-34" 


3-739 


6.56S 


7-4Jt 


41 


4.170 


4.533 


4-909 


5.19S 


5-699 


*^-53J 


T-4»4 


44 


4.12J 


4.488 


4.M6 


5.as8 


5.661 


6.5Q. 


7.!?' 


4J 


4.078 


4.445 


4.S>6 


5.S10 


3.6»6 


6.470 


7-3SO 


46 


4037 


4-4«5 


4.788 


5-184 


5-593 


6.44^ 


,.!K 


47 


3-996 


4-367 


4.751 


5. 151 


5.561 


6 4>5 


7-30* 


48 


3-9sS 


4 331 


4-718 


5-119 


5.33* 


6.390 


.7* 


49 


3.9" 


4«^ 


4.686 


5-089 


5-S<M 


6.J66 


7* 


SO 


,S87 


4^3 


4 65s 




5.478 


6-344 


7.<1« 



Assume that the municipality cao obtain money at four 
per cent for the time stated. From the table we ascertain 
that a loan of $:20.00, maturing in ten years at 4 per cent, will 
be canceled by ID equal annual payments of $^2.46 each. 

If it be assumed that the cost of the entire improvemeat 
be $l."iO,<KHt.(«> and the aggregate amoont assessed against 
the property by special assessment by any of the method* 
described be i?IiX>,Oi>i.iX> and the amount borne bv the 
municipality at large be SoO.tXW.OO as previously staled, we 
lind from the table that the amount to be borne br ttiecilj i 
at larg-e will be paid by 10 equal annual payments of i^- 
lt>.i.iH>, which is the amount to be levied by gi-eneral tax ear^ 



CHAP. XII. 



COST AND ASSESSMENTS. 



291 



year, and the aggregute of the special assessments against 
the property frontage will be $12,330 each year. 

A separate account should of course be kept of the fund 
and all that remains to be done is to add the several amounts 
charged against each property (corresponding to the $2.46 in 
the case cited) to the yearly assessment of the property and 
to add the municipality's proportion, (corresponding to $6,- 
165.00 in the case cited) to the amount to be levied in the gen- 
eral tax roll each year for ten years, until the account is 
closed. The clerical work in this method is not more than 
when others are used. 

In some cases loans can be secured at a lower rate on 
bonds maturing after a stated number of years and bearing 
annual interest. Where it is desirable to secure funds in 
this manner the method above outlined can be used to pro- 
vide a sinking fund for the payment of these bonds at matu- 
rity. 



1 


w 


CHAPTER Xlli. 


n 


t 




COMBINED SEWKRS. 




■ 


Under some 


circumstances it may be necessary to cofr-l 


^M strui-t combined 


sewers. When this is the case the size of 1 


■ th« 


sewers is de 


termir-^ '— " imoiint of storm water to | 


■ be 


provided for. 


T 


sewage proper is so simaH Jj 


■ in, 


comparison with 


f the storm 


water during 1 


■ .be 


continuance 


of a 


the sewage 


need not be ^ 



In determining the 
lowing points must be 

1. The area from 
gfathered. 

3. The rate of rain-falt. 

3. The relative proport 
to the whole area to be drained. 

4. The nature of the soil in the 



ombined Sewers" the ioi- 

^nsideratiun: 

le storm water is to he 



the roofed and paved area 
paved part of the 



6. The amount of ground water. 

6. The natural grade of the surface. 

7. The available grade for the sewer. 

The rate of rainfall has been quite generally determined 
in those sections which have been long enough settled to feel 
the necessity for sewers. 

It is evident that the larger the proportion of the roof 
and paved area the larger will be the percentage of the rain- 
fall to be provided for by the sewers. The permeability of 
the soil in the iinpaved areas will also materially effect the 
proportion of rainfall which reaches the sewers. 

The grade of the surface will determine the rapidity 
with which the storm water will flow to the aewei*, and the 



COMBINKD SKWKHS. 



"ade of the sewer will delermlne the velixjity of the flow of 
i sewag'e, and hence the capacity of the sewer to dispose 
I the gathered storm water. 

It is very difficult to estimate the amount of ground 
■iter to be provided for. In some cases there may be con- 
jderable water for a short time and but very little after- 
prds. 

Where the sewer intercepts a water bearing- stratum 

e flow may be not only considerable but constant. 

Sewers are rarely built l^rge enough to dispose of the 

(Ost rapid falls of rain. A certain depth per hour is 

umcd as reaching the sewers and the sewers arc 

led to dispose of the amount of water falling on the 

wered area at the assumed rate of rainfall over the whole 

^rface. 

The depth of rainfall assumed as reaching the sewers 
tries under the different circumstances from half an inch 
I one inch per hour and even more in some cases. In 
[ceptional cases rain has fallen at four or five times that 
:e. 
Several different formulas have been proposed for deter- 
ISning the size of storm sewers. The following are some 
I these: 

Julius W. Adams' formulas." 
" \~QL~ 

^='i\hi^H [IJ 

% which /'^diameter of sewer in feel. 

C*— cubic feet per second to be provided for. 
/. = length of sewer. 
tf=rise for length L. 
_ :^log..^+log. iV— 3.7}t 



log. /?= 
I which D- 



diametcr, in feet, of sewer. 

acres to be drained. 

length in feet in which the s 



;wer falls one foot 



These formulas are on the basis of one inch of rain per 
hour, one-half of which reacheH the sewer within the hour. 

Thomas Hawkslcy's Formula, used in the main drain- 
age of London: 

log, diameter of main (in inchcs) = 



_3jog^H-A'-Hi.8 



10 



m 



A =acres drained. I 

A'— length in which the sewer falls one foot, I 

This is on the basis of one inch of rain per hour. 
Knowing the amount of storm water to be provided for, 
the she of the sewer may be determined by the formulas 
given in a former chapter. 

The Burkli-Ziegler formula for the probable amount ^f 
storm water is: 



(?=l.i>5rr 



m 



^=cubic feet of water per acre reaching- the sewers 
in one second. 

<7=a coefficient depending- upon the nature of tbe 
surface and varying from 0.25 in rural districts 
to 0.60 for paved streets, average 0.50. 

r=cubic feet of water per second falling- on an 

^■^the number of feet fall of the sur^ce in 1000 

feet. 
.-i=area drained in acres. 

Forms of Sewers. — For sewers flowing half fnll, or 
more, the circular section is best. But when, as is usually 
the case with combined sewers, the ordinary flow of sewage 
fills but a very small part of the cross-section of the sewer, 
it is best to so form the cross-section as to concentrate the 
stream and give it more depth. The form 
is egg-shaped with the small end down. 



In 



•rm usually adopted M 



CBAP. XIII. COMBINED Sl^WEXS. 295 

Materials. — Sewers may be built of brick, terra cotta, 
stone or coocrete, or a combination of these materials. 

They are usually built of brick laid in hydraulic cement. 
The bricks should be burned hard and laid with full joints. 

Baldwin Latham give'* the following: formula for deter- 
mining^ the proper thickness of brick s 
Jr 



lOU 



= thickness of brick-work in feet. 



(/=depth of excavation in feet 
r=external diameter of sewer in feet. 



Catch Basins.— The storm water from the street should 
first received tn a "catch ba.sin," where the dirt and 
(bris from the streets can settle and not be carried into the 
'er. They are usually placed at the street corners, near 
junction of the gutters. 

Man-Holea. — These are similar to those on the separate 

wera, Plates X and XVI. They start from the spring- 

f line of the upper arch of the sewer. 

It frequently happens that storm water conduits can be 

failt separate from the sewers at a less cost than to build a 

nbined sewer. The storm water conduit need not be as 

(ep as a sewer. It can be discharged into the nearest 

^tural water course, and this often very much shortens the 

[cessary length of the large conduit. 

Where sewage must be pumped the separation of the 
I water from the sewage is a necessity if economical 
fcrking is desired. 



CHAPTER XIV. 

SEWAGE DISPOSAL. 

One of the most difl&cult problems presented for solu- 
tion to the Sanitary Engineer to day, is that of sewage dis- 
posal. How to effectually dispose of the solid and liquid 
wastes in any community so that they will be neither offen- 
sive or dangerous to any one is a question of growing 
importance. The rapid increase in population of our cities 
and villages swells the flood of sewage which is poured into 
the streams, polluting the natural sources- of water supply, 
while the demand for pure water is of necessity rapidly 
increasing. 

In the older countries of Europe the pollution of water 
courses by sewage has forced itself upon the attention of 
government officials, and stringent laws have been passed to 
protect the purity of streams. In this country the time is 
not far distant when the pollution of streams and lakes by 
sc\vaj4"o will need to be forbidden by law, or in many^ local- 
ities pure drinking" water in any considerable quantities will 
not be obtainable. 

In many cases there is no available outfall for the sew- 
ai^e and the ([uestion of its disposal comes up at once with 
the ince])tion of sewer projects. 

Of the various methods of sewage disposal those which 
have l)cen tested on any considerable scale may be classed a^ 
follows: 

1. It may be emptied into a stream or large bodv of 
water. 

2. It mav tirst be clarified bv straining, bv subsidence, 
bv tiltration, by chemical ])rocesses or by a combination of 
these and the efiluent turned into a stream or bodv of water. 



It may be applied to the soil, as in intermittent 
flrnward filtration, broad irrigation, or subsurface irriga- 



Dilution. — When sewa|:e is turned into a stream of con- 

Berable size the disappearance of the sewaj^e is due to sev- 

ses. The sewage is diluted by the large amount of 

Jler into which it is discharged, some of the nrgiinic mat- 

.■ becomes food for aquatic plant and animal life and some 

[destroyed by oxidation, and the remaining solid particles 

i deposited along the bed and banks of the stream. So 

r as the amount of sewage is small in comparison with 

! volume of water this method may be admissible, but it 

in scores of cases where it ought not to be. 

Rivers and lakes often become so polluted by sewage as 

Kbecome a serious menace to the health of cities on their 

BDks. The Chicago River and Lake Michigan at Chicago, 

■d the Cuyahoga River and Lake Krie at Cleveland are 

amples of this. 

Subsidence. — When sewage is partly purified |jy subsi- 
Dcc the sewage is collected in tanks and allowed to stand 

1 the solids are deposited and then the water is drawn 
Although somewhat less objectionable, the effluent 

!r is charged with impurities and is still unlil to be 
jraed into the natural water courses. 



Filtration. — Filtration is sometimes resorted to and the 

ire is passed through tillers of \'arious sorts. This sep- 

^tes more of the solids than can be obtained by suhsi- 

ut the cfHuent is still unfit to be turned into the 

reams. 

Chemical Processes. — Chemical processes have been 
teosively used. In these some chemical solution is mixed 
lithe impounded sewage, which precipitates not only the 
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solid matter but also a part of tbe substances held in soln- 
tion. There are scores of these patented processes— too 
many to even name within the limits of this chapter. The 
solid residuum or "sludfre" is used us a fertilizer. Tha 
bope that the "aludg-e" woald be of great value as a fertjliier 
has not been realized and very little profit can ttsnallj be 
obtained from this source. 

The effluent water is far from pare and frequent 
decomposes after being' tamed into a creek or river. Thn 
method might be used advantageon^ where the effleest 
passes into the sea or large tidal rivers, where ^e water is 
not used for water supply. 

Application to the Soil. — Filtration throug-h the soil 
both apward and downwiird has been uned. Intormittcot 
downward filtration has worked quite successfully. Bj 
this method the sewagif is turned on to ground which has 
been thorougfhl; underdrained. The sewage is filtered h» 
passing through the soil and much of the urj^anic matter is 
destroyed by oxidation iind nitrification. 

Separate filtering- beds are prepared so that they may be 
used alternately. The effluent water is quite pure if the fil- 
ter beds are properly made and kept in f^ood condition. 
The amount of ground necessary and the depth of the under 
drains depend upon the character of the soil. 

Where sufficient suitable land can be procured broad 
irrigation is the most satisfactory method of sewage dis- 
posal. 

The soil should be loose and thoroughly underdrained. 
Compact clay is not suitable for a sewage farm without 
special treatment for breaking up and loosening the subsoil. 

The amount of sewage per acre which can be disposed 
of varies with the nature of the soil, and its special prepara- 
tion for sewage disposal. In practice one acre of land has 
been used in broad irrigation for disposing of the sewage of 
from 50 to 500 persons. 
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CHAPTER XV. 

The purification of sewage by appmca- 
tion to the soil. 

is still an open question whether water which has 
teen contaminated with sewage may be so thoroughly puri- 
iJ as to be entirely safe for culinary uses. 
So far as chemical purification is concerned there is no 
loubt it can be accomplished by filtration through the soil 
itider favorable conditions. Whether the effluent can be so 
mrified by this means as to contain no trace of the bacteria 
^btch are supposed to incite various i:ymotic diseases, the 
ater having been previously contaminated with them, is 
in dispute by eminent authorities who have labored in 
his field. It is well known that the purest of natural 
•■ters, as regards organic matter, are those which have 
ndcrgone prolonged filtration through the soil. Our knowl- 
ge of the causes which influence the purification of sewage 
jrfaen applied to land, either in broad irrigation, intermittent 
iowDward filtration or subsurface irrigation Is rapidly 
JKtcnding, however, and this is a field of such promise as to 
fastifr a reference more at length to some of the later 
ICtiievements and conclusions concerning this method of 
(arification. 

e impurities with which sewage is charged consist 
rmainly of different organic compounds in various stages of 
decomposition. It is not practicable, or in fact desirable, to 
prevent the decomposition of these organic compounds. 
With the exception of the small portion which may be con- 
sumed as food by animal life, they must be resolved into 
their elementary substances before they can again be utilized 
by plant life or otherwise rendered innocuous. It is, how- 



ever, practicable to so control the conditions of decomposj* 
lion that it shall become inoffensive and the resulting com- 
pounds shall be fiscd and rendered harmless by some sur- 
rounding medium. The soil is a medium which not only 
renders these products innocuous but also favors a nicciiaa- 
ical separation and aeration very conducive to the rapid di*- 
integration and absorption of the putrescibie maltera con- 
tained in the sewa^^e. 

In the report of the Select Conamittee on the Metropalis 
Sewage it is stated that, 

"No efficieni artificial melhod has been discovered (o pDrifjr, fordrinhiif . 
and caliBaty purposes, waier which hatt once been infected by town mvi^ 
By tto known mecbanical or chemical means can such water be more thaa p»/- ' 
lially cleansed, il is alwayl liable la putrety again. I'roces&es of filleiing lad ^ 
deoJorif.alioa caanol. tberefure. be relied upon lo do more than milieate the || 
evil. Water which appears perlecily pure lo the eye is sufficient, undtf 
certnin coadiiions, lo breed serious epidentics in ihe populaiion which dfiab ' 
ll Soils, however, and Ibe toots of gruui'mg plants have a great and rsjnd 
power of abstracting impurities from sewage water and rendering it ipia j 
iDSqeuoot and free [roin coaiatninition." | 

The process of purification of sewage by filtratioii 
through the soil is similar to that of burning up or oxidizin^f 
the organic matter leaving only a harmless mineral residue, 
which is soluble and passes off in the effluent, leavings the 
filtering medium, when properly managed, undiminished in 
efficiency- The application of sewage intermittently serves 
to increase the amount of oxidation similarly to. opening the 
draft of a furnace. 

The changes produced by wet oxidation, however, are 
not the same as those produced by heat, there being inter- 
uiodiato processes. In the former the nitrogen of the 
organic matter first combines with the hydrogen to produce 
ammonia which, uptm uniting with oxygen, produces nitric 
acid. This, in turn, combines with potash, soda, lime or 
sttme other base present in the sewage or in the soil to pro- 
duce a soluble nitrate. The extent to which this sequence 
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i combinations has proceeded is a measure of the degree of 
^rification of the sewage. The larger the amount of 
trates in the effluent, therefore, and the smaller the 
Bount of ammonia, the more completely has the organic 
Ktter of the sewage been destroyed. Later investigations 
ivn that the earlier of these processes depend on 
be presence of liviny organisms. 

The Influence of the Bacteria of Nitrification. — ^Tbc fol- 

Rring interesting facts concerning nitritication or the con- 

Ersion of ammonia and the nitrogen of organic matter into 

ric acid in the soil, upon which process the purification of 

kwage largely depends, were given by Mr. R. Warrington, 

tia paper read before the Society of Arts in ISSa." 

"Diluted 3oluiiuD5 of urine or at ainTnonium sallicomaming ibe esspottal 
Mtiluenis of plani fotid, undergo ao nitrificatinD, though Ire«]y aiposed lo 
, if only ibey bave beeo previously boiled and ibe air supplied lo them is 
d through coiion wool. If to such sterilized solutians a small panicle of 
.s added no aclioD at first appears but after awhile active nitrification 
D and the aintnonium or urea is converted into a iijtrate For the pro- 
itric acid it is Decessary that some base should' be present with 
|eb the nitric acid may combioe. The action proceeds best in the dark, 
a solution has thus undergone nitrification a drop of it suEGces to induce 
nCcBlion in aoolber solution, which, unless til us seeded would bave remained 
flanged. Boiling the Boil, or the solution that has nitrified, entirely destroys 
r of causing nitrification. The presence of antiseptics also prevents 
ion. Lastly, nitrification is confined to the same range of temperature 
nits other kinds of fermentation. The production of nitrates proceeds 
• ■lowly near the freezing point, but increases in rapidity as the tempera- 
b rises, reaching its maximum of energy, according la Schlaestng and MUnti, 
Fahr. At higher temperatures the rale of nitrification rapidly dimin- 
it almost ceases, according to the same observers, at 121- Fahr.. and at 
D Frihi. no change occurs. It thus appears thai nitrification can only be 
^Uced in the presence of some nitrified or nitrifying maleriat, and the 
e at action is litniled to the conditions suitable for the activity of a 
g ferfnent. The French chemists claim to have isolated the ferment by 
ic cuhivaiion. It belongs to the family of Ba.rriin. 
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The purifyiDg aciion ol tbe sail oa sewage i-> probabi)' Aae to thiee dotinn 
actions^ i. Simple fillralion, or ihe seprtrjtioa of suspended matier i lit 
precipiiaiioo and reiention by ihe soil of ammooia and various oiginic lao- 
stances pTEviously in solulion, ) The oxidatioo ot aRUnonia and Qiicuic 
niatler by the ageac; of living organisms 

The lasl mode ol action is unduubtedly the nioit imporual. as witboS 
oiidalioo the !<ewage matter must adrumulaie !□ the soil and (be (iller bed Ion 
its efficacy. The filloring power of a soil wil! depend entirely od lit idccIiM- 
ical condition The precipitating power ol soil, is on Ihe other hand, a eha»- 
ical (unction, in which the bydcaled ferric oiide and alumina aod the silicut* 
of wis probably play an imporlant part. The axidizjni; power of a soil viR 
depend partly on its mechanical, partly on its chemical and parfly on its ii(> 
logical cundilion. 

It was formerly supposed that the oiidiling power of a soil depended Kildf 
on its porosity, oxidation being assumed la cccar by simple conlact with 4it !• 
the pores ol the wil. We now know that a poroui medium is by no IDCUI 
esumllal for nitrification, aewai^e may. indeed, be nilriBed in a glass botlta, <t 
when passing over polished jisbbles. Tbougb. however, porcsity n by W 
means essential to the nitrifying power of a H>il. il is undoubtedly a caodiiioi 
having a favorable inlluence on the rapidity of the process; a poront soil «( 
open lenlure will present an immense surface* covered with oxidiiiog orgaoioM 
and generally well supplied with air requisite for Ihe discharge of their fasclioM. 
It is doubtleek owintt to Ibis fact thai nitrification lakes place with so tooA \ 
greater rapidity in a ^mt than in a liquid The sewage wilt itself supply ibt 
substances required for the nourishment of the oxidizing orgaaisma. < * * 
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* * Tlie organisms whicb eSect the OKidallon ot organic matter sre abundanlly 
picseat in surface soils but are probably absent, or nearly so. in subsoils. In 
surfoce soils (bey will probably be abuniiani in pinportion to the rich □ ess a I 
itie soil tn organic mailer. ' Sewage also contains iHe organisms necessary for 
its own deslruclion, and under favorable conditions ibese may be so cnltivaled 
aa iQeilecl the purpose." 

Later investigatioiiH ccincerning' the function of living 
organisms in the purification of sewage lead to the con- 
clusion that thoy increase in numbers wonderfully when 
sewage is applied to soil originally quite deficient in organic 
matter, the conditions thereby being rendered fai-orable to 
their increase in proportion as their presence heoimes need- 
ful to the purification of the organic substances supplied. 
This is shown in the experiments of the Massachusetts 
Board of Health, quotations from which are to be found 
farther on. 

It also appears from experiments carried on at the 
model farm at Rothamsted, under Messrs. Lawes & Gilbert, 
and elsewhere, that these organisms are decidedly more 
numerous and active near the surface of the ground and 
their action under ordinary cimditions is said to cease al a 
depth of about three feet and to be very uncertain below a 
depth of twelve or fifteen inches. 

In view of these conclusions it appears that so far as the 
action of these organisms is concerned it is unnecessary to 
prepare intermittent filtration beds as deep as was formerly 
thought advisable, and Dr. Krankland has stated* that 
whereas in the Rivers' Pollution Report he had recommended 
6 feet depth of earth for intermittent filtration he now had 
reason to believe that two feet would be equally effective. 

These facts are also substantiated by the rapid purifi- 
cation which sewage undergoes when supplied to the soil 
immediately below the surface as in subsurface irrigation. 

A test made in one of the experimental filtration tanks 
of the Massachusetts State Board of Health, to determine 
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The most rapid decrease is in the upper few inches. 
Koch say% that the micro organisms in the soUa lie baa 
examined diminish rLipidly with the depth and at the deptli 
of a metre the soil is nearly free from bacteria. 

"It bM been found that if oaa itirti vkh an wtiAcial fllur bodof p«tK^ 
clean sand, containiiii; no bacteria, and floods it with dirty water Ibe vater 
which comes through for the first few days, and for a mucb longer time if Ibe 
weather be cold, will be but little. IE at all, purified. Its coarser SQspendrd 
particles may have been caught in (he sand pores, aod so it may be clearer, 
but its dissolveil organic matter and its bacteria may DOt be at all diminished. 
Indeed, for some time, strange as it may appear, (he numbers of tfae bacteria 
may have largely increased. In tact, i( appears that the pores of such a fresh 
sani) niter with the organic matter suspended in the water, form a moat eiccl- 
lent breedirg place for bacteria. 

This seems discouraging, but let the experiment go on, aoij after a while il 
the dirty water has not been farced through the sand too fast, it wiii be found 
that the number of living germs which come out m the water at Ibe bottom is 
growing steadily smaller and finally the water may he nearly or quite germ free. 
Now, if the chemist exposes some ot the filtered water to his delicate teats he 
miy find that the organic matter which was in solution in the wa.ter at the top 
has already diminished or entirely disappeared, being represented, perhaps, by 
nitrogen, which has farmed harmless combinations with oxygen. 

It really seems as if the more f>( the living, growing bacteria yon had in 
the upper layers ot ynur filtrr bed. the freer became the water below both in 



bacteria and organic mailer. Tbia is. in fact, Ihecaae. We do in ihii exp«r- 
iitient uhat nature does od a lar);eT scale — malts the bacteria 6gbt tbe organic 
mailer and ihemKelves 

But how ii this effect produced? Tbe bacteria are so small tbat hundreds 
of tbeni could easily pass abreast through tbe smallest spaces between tbe sand 
panicles. Wbai holds tbem back' 

Whpn ibe sand particles at the upper portion of these filler beds have been 
carefully examined jl has been found ihal they are, after a few day^. com- 
pletely encased in a slimy gelatine-like envelope, formed of a material which 
many bacteria secrete around iheroselvfs as ibey grow This bacteria- formed 
slime more or less fills the pores tit the filter bed, enclosing tbe bacteiia ihem- 
^ves and ihe sand particles, and catches and holds fast on its sticky surface'; 
not only suspended matter of various kinds but the new bacteria which come 
i>nln the tiller and start to work tbeir way down tbrongh its pores. Here, 
many of them, like good priiuners, set to work to make the best of the siiua- 
liiin. and if iheir tiature permiis, turn lo and help to make more of this trap- 
Many of the enlarged germs, however, do not form this material and these 
may die in large numbers where they lie. On tbe other band, this enforced 
detention is simply paradise for many of tbe germs. Here they are resting at 
ease in a slimy confinement, with boundless supplies of just the food tbey want 
slowly irickling by them. The food is dead organic mailer, which the average 
bacterium simply dotes on and reeks little whether it be in solid form or in 
solution, so there be enough of it, .\l it he goes then, and by some wholly 
inscrutable phase of the life power in his tiny body, asunder fall the atoms 
which have once been parts of aniitial or plani. That part which the tiny life 
spark needs to keep its glow agoing is appropriated. Tbe rest he leaves, its 
atomic cravings unsatisfied, and only loo ready to succumb to tbe wiles of tbe 
IS oxygen, which must always be present in a perfectly acting filter 
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iltent character of natural soil tillration is a 
mplishment of perfect results, because in Ihe 
have a chance to become filled with stores of 



very important mailer in Ihe ac 
limes between rains tbe soil poi 
unygen in Ihe form of Kround air. 

Behold now the SKret of ibis marvelous alembic into which may go things 
.:<«! foni and harmful, but out of which comes the very type of cleanliness — 
(Ic-ar spring water It is largely Ihe bacteria, living, growing, multiplying, 
f'.illowing their life impulse* silently and unseen, each after its kind, which. 
supported by tbe active agency of the oxygen, bring about Ibis beneficient 
result." — /V«,ijWi, i« OriHtiiix IVaUr ,mJ In Supflics 
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"(«) TIm ioraMiiaa of nltortM i^pMts to nqwinb «r la ba facahaiid ^ 
an tUoatti Umprratmrt, aad gMi oa noM (ifUI)' ia hot — thw and i> kl 

"(b) AcGoadiiqi to Knap, amtnoDia thai has been absoibed bi asoiliri- 
fan no dtaaga wa long aa dia soil is dry. bm wbto ihe soil is moistencil aitiS- 
cadoD qnicklj enaaaa. H^<^ ibus appears to be id dispensable in ihiv pnoMt 

"(c) An aUtah iait or frh,in,iu appears lu be esseaiial for ihe nli(ka«l 
to combina with. II haa Imm thought that the mere presence o[ pciia^h, Mia 
and lime favoia nhrificaUos, disposes,' as is said, nitrogen to uni« «iA 
oxfgBO. BonningBDlt band, however. XVhimi/ Agr'ufU. HI. /i>.i') that csaalic 
lime devalopad ammonia frtMh the argapic mailers ot his garden soil >aftbiMI 
favoring nitiiGcation as mnch ai pure sand The caustic lime by its i tainiilil 
action, in [act. oppoaed nitrificatidD, while pure sand, probably by di^tdtagfla 
particles ol earth and tbtu parfecting ibeir eipusure to the air, Caciliiaud lUi 



Absorptive Power of the S^ — The results of fif^-one 
experiments by Dr. ' Lisaauer to determine the absorptm 

power of soils point to the following conclusions, amoag 

others: 

"(/) The liquid entering the pores ol the soil displaces tbe air or liquid 
previously present, forcing the former upwards iolo tbe atmosphere, and Ibe 
latter downwards into the subsoil or effluent water. 

■■(.') In order that Ihe effluent water 
sewage liriuid. Ihe maximum supply of the 
taken up by the jxires of the soil. 

"(.i'} I^ry. loamy soil al>sorbs more than peaty soil and gives up less, 
whilst dry, sandy soil, on the contrary, absorbs less and gives up more. Con- 
sequently a loamy soil, tliouuh it absorbs a large quantity of liquid, can seldom 
be irricated. whereas a sandy soil, though it absorbs but little may olten be 

"(y) The looser the soil tbe easier water courses are formed in it. and 
therefore Ihe less can its mniimum power of absorption be approached, olher- 
ihe subsoil before the whole of the 
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In Dcdpr tbercCore ibai ilie rfflut 
II is especially necessary ibal ihe a 



il posilion of the panicles of i 



laier ma; be prolecicd from 
)live power ot the soil should 
iiil(<s« it be made in a sample 
irlh has been undisturbed." 



The Function of Nitrates. — It should be litated In this 
oonneclion that tbe nitrates, which are the product of the 
nitrification or oxidation of the organic matter containird in 
sewage, supply nitrogen in its most available form as plant 
fo«d. 

"EKpeiitnenls in RTlilicial soil and in water culture show noi only Ibat 
Dilrales supply ailrogen lo plants, bul demonslrale beyond doubt that tin- alfK 
at/ a iiiprimi ti'iiKf cf this element, and that no other compound n »d well 
ad^pled as nitric acid lo furnish crops with nitrogen "* 

In the absence of plant life, a portion of these nitrates 
being- very soluble, passes away with the effluent in a harm- 
less form. 

The Committee of the British Association, on the Treat- 
ment and Utilization of Sewage, made an estimate of the 
anioiinl of nitrogen recovered in crops on Breton's farm, 
near Komford, with the following results: 

"OE every tea parts o( niirniten distributed over the farm durinf! th<' 
twelve months, 1067 paria, or about one-tenlh, were found in the effluent 
water, 41.76 parts, or about lour-lrnths, were recovertd in ibt crops, roakinR 
Ipgelher about hall; and 47 57 psrif. were uoacccnntrd for "t 

It was subsequently ascertained by analysis of the soil 
that the nitrogen in the soil had largely increased. 

Experiments of the Massachusetts State Board cf 
Health.— By far the most systematic experiments upon the 
fiUrati"n of sewage through the soil, which have come to the 
knowledge of the writer, are those being conducted by the 
Mass. State Board of Health, at Lawreni^c, Mass. These 
ejcpcriroents have been conducted so carefully and thor- 
imghly and over such a wide range of conditions that they 
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are of particular interest. The reaults of the experiments 
are containeil in the Report i>f the Board on Purification uf ' 
Sewage and Water. ISIW. from which the following- informa- 

. tion is gathered: 

"The fillering grounds comprise aboiil two-lhirds of ao acre. UpoD IbeBi 

■m lan tmaks, dnmlar Jn ptan, ahentxj tmt la i^vy*'^ mad altMrii| In 
awterial fob* BUad in sfeet imp. Frantba kxnM point in Om botuarf 
Mch bwk * a-incb pipe eonvvr* t^ dimlu|i to k Bmma witUa a brilbt 

wbdtee tbe Uiint l« tilnn for analr^ nid cantaadoH. 

Tba tankm wen filled with diS«wt awlwrial*. ae- lollm**: - No. i. mj 
GoarM, deaa Dcfflar aaad; No. 3, vary fla^ aanty wWta aaDd; Ho. 5. pMC 
No. 4, rivar'alli; Ma-5. facDwagardaBMiit. wiAmianiad: No.S,7BadlMH 
fitted with 3 (Bel, SiadiMot eoaneaadflaa MBd,.io iadaa, aljnOam.malt 
loan and 6 inche* of brown aoO: No. 9, vary coapact, laody. haripw^ at dkf, 
■and and travel, covered with 9 iodiM ol. brows anil. 

, The tenrage tued in tbe experimeato ^n» ti 
apoctioD o( lbs cti]', Apparatiu w*a oractMl lor n 
tba BSnant, and bitdoglcal aod chemical analTMB at kotb were nada dattf. 
The MwagB waa applied intcnaltUadf at latervale Of one or man dara." 

In the tweotieth Report of tbe BoktA we find the follow- 
ingr statements regarding- the general results whidh hare 
been obtained. 

"Sewage can be much more efiicienlly filtered ibrougb open sand, tbu 
through sand covered wilh soil. Very fine material, like dusl, in tbe upper 
layers of a filter, prevents free access of air, and when wet, may exclude aii so 
completely as to render purilicatioD impossible. With soil or sand containing 
dust at the surface, periods of intermission in tbe application ol sewage nay be 
made so long that the surface, becoming dry, may allow air to eoler, and 1 
high degree of purification may resull; but the quantity of sewage that can 
thus t>e purified is very much less than when the upper lay«rs of (be filter are 
composed of open sand, through which (be sewage will rapidly disappear and 
will leave room for air lo enter and come iit contact with tbe thin Isminasof 
liquid covering the particles of sand. . 

The enperiments of last winter show that intermittent filtration can be 
carried on upon a bed of coarse sand through the coldest weather, when the 
beds are exposed to snow, but that Ibe efficiency of tbe beds i« mach reduced 
by such exposure and the consequently low temperature of tbe sewage passag 
through the sand. By protecting the beds so that snow cannot fall opon them 
and reduce the temperature of the applied sewage to near the freezing poiol, 
the experience of (he present winter so far, indicalei that very complete purifi- 
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caiion mny be conlinued through very cold wealher by applying ibe uwage 
ioiermitleatly at llie (eiiiperalure at whicb it ordinarily conies [rom the sewer. 
The eiperimeDts of latil winter sho» thai, when the beds are exposed to the 
snow, inlermillem Altralioa may be carried on through the moderate weallier 
of winter, alreraated by conlinuoua filtralioa during the colder period ' 

"Four tanks, filled with clean coarse mortar sand from the same pit, were 
aubiected to diSercnt conditious One of these was exposed to the cold and 
snow, and, although it received sewage daily and removed about tu'o-thirda of 
the impurities of the sewage during the very cold monlha of January, February 
and March, when Itltering at (he rate of 30,000 gallons per acre per day, it is 
eviilent. from the results in the other three tanks, which were not exposed to 
froai. that the sewage entered and passed through but a fractional part oE the 
area of this tank, and the result h a; poor as if s much larger quantity had 
been applied to a like area not obstructed by Irosi. 

The three other tanks were supplied with sewage at the rale, reapeclively, 
of 30,000, 60,000 and 110,000 gallons per acre per day, and until nitrification 
commenced, io the latter part of March, periods ol forty-one. thirly-oce and 
tweniy-seven day^. respectively, the ammonias indicated that 97. 94 and Bo per 
cent, of the impurities of the sewage were removed. 

Nitrification began to increase in all of these tanks between March afi and 
30. when the temperature of the efHuent was at 39- or 40'-'. In the course of 
three weeks the nitrates had increased from o 0J5 parts in too. 000 to o JJ" 
pans, allpr which they increased niuch more rapidly, and nitriHcalion was 
most complete Item May 6 to 10, or six weeks alter it began, the nitrates then 
amounting to from 2.5 to 3.0 pans pet 100,000. 

During the increase in nitrification the ammonias also increased tor a 
time, and became nearly one^third of Chose o( the sewage: but generally before 
ibe nitriliralion reached its height the ammonias decreased rapidly, until tbey 
became one-halE oE r per cent, and 'i per cent of those of the sewage. The 
rapidity of purification, as shown by the decrease in ammonias, was greatest in 
the tanks which had received Ibe most sewage and had the greatest amount of 
nitrogenous matter stored in them —the effluent from the sand which had 
received the least sewage being more than a month later in reachmg its condi- 
liuo of greatest purification. The filler receiving sewage at the rate of 120 000 
Rallons per acre per day gave an efSiient for three months afier purification, 
resulting from nitrification, was established, in which the ammonias were less 
ihan iH per cent, of those of the sewage Upon increasing the araouni tillered 
to 180.000 gallons per acre per day the ammonias increased, but for the neit 
four months averaged teas than j per cent oE those ol the sewage 

One of llio filters receiving sewage at the rale of 6o,coo gallons per acre 
per da; for seven months alter purification was established, gave an effluent of 
nearly constant (juality. having one-bait of one per cent .if the ^Triinimbs of 



Ihe sewRge, Ibe Cru Binmonia averaging a.ooia parts and Ihe aJtiBiaiinJ 
ammoiiia o.oios pans in ion oo^ partn. ■howing les« oiganic tnatier ihao anaj 
of the drinkinR waters oi ibc State 

The fiber filter of the same raateriBl. receiring 60,000 fjallona ul «"»(» 
per acre per day. gave an effluent for three moDths.aflei purihcatiuo »»• enil> 

in Ibe next two moDlhs these iai:reased to 6 aod then to lo per ceoi Tin 
increase was doe in part 10 (he imperfect distribution of Ibe sewa^ oier Ike 
whole surface, which being corrected, the percentage ot the amtnoaiH 
decrsaaed and averaged for Decembei 4,'a par cent, of those of the Koage 

The tank of this material, which has liltered at the rale of jo,ooo gxH^at 
pet acre per day, wjl« ai stated, a montb later than the others in rcacbio^u 
established tondition after uilrilicalion became active. For the fullowiag lii 
■weeks the ammoniaB ot the effioent were but one per cent, of ihoac of tbr 

experiments above recorded sewage w» 
applied intei'mittently at intervals of one or more diiv§i. and 
disappeared from the surface in a few minutes or in a fi» 
hours. The results obtained by intermittent downward fil- 
tration in the above experiments are very favorable and in 
striking- contrast to those obtained by continuous flltration 
as will be seen by the following extract from the report- 
These experiments were made with a tank which received 
30,(XK> gallons per acre per day in the experiments on intei^ 
mittent filtration and throug-h the same material— coarse 
sand: 

' At the end oi this time the oullel nas closed and the tank 61led with stw- 
age. and (or the next tour months the surface of ihe sand was kepi covered 
with sewage, and the outlet was opened each day sufficiently to allow ibe ref- 
ular quantity al the rale of 30.000 gallons per acre per day to flow otit The 
filter was thus changed from the condiiion of iDtermiltnnt filtration to that ot 
continuous liltration. During the first month the nitrtiles were reduced ftoiB 
one part per 100,000 to less than 0.01 part, at wblcfa (bey continued for the 
remaining three monlhs. The ammonias rose in the first month from I per 
cent to iji per cent, of those of the sewage. Id the second month Iber 
hname ,11 ]>er cent, and al the end of Ibe fourth month were equal to those of 
the srw.ige 

'rhis sh-.iws distinctly Ihe radical difference in result between it 
and lonliniious filtration. In iniermtileiit fitlratioo the nitrification wa 
and, a^ shown by the ammonias. 99 per cent, ot the OTRaaic impatiiii 
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^rifical 



on ceased, and Ihe x 
ipiiHties for a lime. 



I, filleting llle same quonlilv of sewage. 

ily poured out an effluent quile as impure as the applied setvage " 
I The biidogical analyses, an account of which appears 
■. are also of particular interest as furnishing an index 
bhe degree to which it may be possible to free sewage 
; the contamination of diseasu germs by the methods 
pted, and also as corroborating the statement previously 
jde that the bacteria of nitrification remain in the upper 
hta of the soil. 

(*'From Ibene open sands the number of bacleria in ibe effluent has. during 
□onlhs, varied fiom 2 per ceni la a very small ftaclion of i per 
lumtwi of Ijacteria in the sswage. 
K Alter ot very line sand, after filtering an dmouni equivalent la S, 600,000 
vage upon an acre, filleied at the rale of iz.ood gallooa per ncre 
(day, giving an cEQuent itt which the organic matter, shown by the loss on 
liul ] per cent, of thai of the sewage, and the nitrogenous matter, 
■town by ibe ammonias, was but one-quarter of 1 per cent, of that of (be 



The low on ignition was , 0.5000 parts in 100,000 

The free ammonia a 000s parls in 100,000 

The albuminoid ammonia was .0.0061 parts in 100,000 

rales were . . o 7000 parts in 100,000 

same lime the bacleria of the sewage amounted to 591,000 in a 

leter, while those of the same quantity of effluent amounted to 1. 

i these may have come from the air while collecting the sample. By hulh 

Bical and bacteriological analysis this efHueni from Rewage has less organic 

rity than the water of Lake Winnipi^eocce. and contains bul little more 

ago. This sand stored much impurity in ibe winter. Nilrificalion 

ictivaly in June, and for three months appeared 10 be active in removing 

mpurity. so that purification did tiol appniach Ihe completeness given 

e lilt September, since which time ii has steadily grown more complete " 

"Garden soil makes a very pour filter Upon applying sewage fntermit- 

|lly to a body of garden soil live feet deep, after ibe first month the organic 

purities Increaseil conrinually for eigbt months, until Ibe effluent became 

B impure than ibe applied sewagi^. There had then lieen applied 14,000 

as. the equivalent of 4,^00,000 gallons on an acre, and it was then l>eing 

1 It (he rale ol 10,000 gallons per acre per day The daily quaolity 

fng through has !,ince been reduced to 5,000 gallons per acre per day, aad 
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Iba i]ua1Jiy of ilie efflueni h»s somewhat improved, but still comaim is OKfc 
nitriigi.-iioU9 mailer ai crude sewage 

"A very few vpp^etable organisms tbat can be idenlified by the inicmMfl 
have been found )o occasionally pai> Ibrough Ibe coarser filters, bal in geocnl 
oone come Ihrougb A lew animal forms have been foaod in the dfloBni bfl 
these may grow in the under drains and outlet pipe The question reimiinv 
be iieltled. whether any animal or vegetable microscopic orgaoiscn^ bvEto|H 
ibrough the Biters of finer material at the rate which sewage has been fiileriltl 
Of the still more minute organisms, the bacteria, we foua<t ihat sOM tfHr 
sewage was first applied to the tanks ibey came throogh in creal naoibin. M 
became reduced in number and during the later wioter and spring nuiatU 
amounted Id Iwo per cent, and less of ibase of (he applied sewage, but tte 
nitrification commenced they decreased rapidly, and coDlinued ifarongli its 
summer, in many cases less than one hundred, and in some less Ihan ten wUi 
the number in (he same quantity of applied sewage was about a million." i 

"The eiperiments made to the present time show that the Duaitin d 
b.icteria in the sand decrease very rapitilj from the surface downward In At 
finer sands they nearly or quite disappear before the bottotn is reached. * * • 

We bave reason (o hope Ihat Alters may be so made and maaaged ttotlfl 
disejse germs may be, with certainty, removed " 

The Influence of Temperature. — Considerable dixcaa- 
sion has arisen as to thi; practiLability of sewage disposal bJ 

application to tho soil diirinf; tiiL- winter tTi<)ntlis in nurlliirr, 
hititudea. 

In tile investig-ationM of the Massachusetts State Bout' 
of Health previously quoted it was determined that:— 

"During the cold munths the nitrification was about nine-lentbs as COS- 
plete as Ihe mean for the year and that the loss on ignition and the xmnotiM 
of the eSluent were about one-fifth greater percentage of the amounts in dl 
sewage producing the effluent than for Ibe year. This is id all respects » t«I 
satisfactory result of continued purification by this lilter (coarae sandi doii^.' 
the winter." 

The following abstract from the report of the Comfflit' 
tee of the British Association is also of interest: 

"A comparison was made in January. 1S71, during severe frosl, of *• 
results obtained in (he purification of sewage at the three following farim.— 
0relon's farm, near Romford. Biddington farm. Croyden. and Norwood itrm. 
It was fdUDd that in the latter Iwo cases, where the sewage was passed oi« iM 
land in the catch water system, it was not sali.sfaclorily purihed. the nitr^tM 
escaping in the effluent water being only partially in (he staia of nilratas ui 
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DitriiBs^ while ai Bretaa's larm, where ihia sewage passes through the loil, (bs 
fjim being in eflect a Urge filter bed (il oxidalicD goes OD io winter as well as 
1:1 summer, and almosl all nitrogen lost is lost in an oxidized and inotfeosive 
I rm: and (1) this loss is vet)' slightly greater in winter with a very strong 
-LiAaKC Ihan in summer with a wtraker one "" 

"There is one point which 1 think deserves consideration in conneclioo 
with the question of the winter disposal of sewage upon land, and this is the 
temperature of the sewage. • • •■ • While it is probable thai the coldest 
sewage may be disposed of upon land in winter in this climate, such disposal 

for precedents It is desirable 10 ktiow the Irmperature of the sewage as well as 
the severity o£ the winters, "t 



Aeration of the Soil. — The effects of a lack of air in the 
interstices of the soil are apparent from the experiments on 
continuous tiltration previously cited. At the time the 
experiments were in progress the outlet pipe from the tank 
was trapped so that no air could enter the tank fmm below. 
Inhere is reason to believe that the lack of nitrification in 
continuous filtration is due to the lack of oxygen. In order 
to substantiate this fact experiments on filtration were con- 
ducted at the experiment station at Lawrence, Mass., in a 
tank filled with coarse sand and arranged so that the quan- 
tity of air admitted to the tank could be controlled by an 
aspirator. The conditions otherwise were the same as in 
intermittent filtration. Sewage was applied intermittently 
through a funnel and stop cock and distributed over the sur- 
face by a perforated plate. Nitrification ceased soon after 
the supply of air was stopped and the effluent was little 
' Liter than the sewage. Subsequently the cock bv which 
-L-wage was admitted to the tank was left open, thus ventil- 
ating the top of the tank. The condition of the effluent did 
not improve. Upon removing the cover of the tank entirety 
the condition was but tittle improved by reason of the tank 
being clogged with organic matter which had not been oxi- 

•TfMimeni ind fiili.niioo of Sowigo-W. H. Co,t,M. p, j-, 
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dized during the time that the air M-as excluded. V^m 
removing^ half an inch from the surface of the tank and 
applying an aspirator below, dra\«'ing' a gallon of air each 
four minutes, the effluent rapidly improved and in two week<i 
nitrificaticm became complete. During* this time the air «>f 
the tank contained almost as much oxygfen as outside air. 

"This underground air is. however, almost as ceaselessly in laoriDO as is 
that in which we move. Whenever the groond gets heated i: streasis out of 
the myriad pores of the surface into the sunshine. XMieo the crc^nd cows 
back through the same pores rushes the a&rial air. E \ e i i viad which sveeps 
the surface moves the air beneath in great volaznes. IVxtfa every rain it :s 
driven deeper down. The movements of this baried atmosphere are slew 
because it must find its way around the m^-riads of soil panic les which bixt 
its course But it is of great extent and of great -importance — P^usj^ .« 
Drinking lV<tfer an J Icf Supplies, iSqi. 

Effect of Different Soils. — In the experiments at Law- 
rence it was found that: — 

"With the gravels and sands, from the coarsest to the finest nitriccarioe 
takes place in all. when the quantity of sewage is adapted to their abilitr ni 
the surface is no: allo-Ae.: :d become clo^eed by organic matter :■: the ei:':^'" 
ot .\:r \\ ::h nne sil- c r.:;i:r.in^ :n ad'-ition to their sa.nd cri;z- :*: r: :i:rr? 
per ct-n; : t'.jrr.-ir,.! .-.nd .■'.: if : ircr. and manganese a.:;d s:\ :r sr.er pr: 
cen: of . rginic mitier \shcT. n'.y six inches in iepih resi.ris ur-rn f^e '^V-^] 
rr..-.:erial the-. rc-:a:n w.-.-.rr -: * z^: :hat the quantity :ha: r^= r-e arr-.e:*-: 
-"-.'.! .iT.d :rr .r.-.rr ■.•'.". r. -.vr.: h :r..- must settle and ir^ awav : r a!!rwa::t; 

.-.r. snvi.. ".'» cen ::.e :-An:.:. a: r.ed is adapted :c ::s ib:l:t% >-ch i ri.'.fS. 
Tr,\\ c'.vf ar. t- :r..'rr.: trtTiwer.: :i::te free frcra bacier:a 

'r:u:"v :^ rca^-n :•• Sc'ievc that the ellect •»: sinU'A 
::":c.'::.i:i:v\:! ::!:r;i::":: thr'-^i^rh the s«»:; in the purinoati-'n <•: 

V/": •. r. ; ::::■.-:*. ;ir..: r-. tci:::-. c <urface s.:»ils arc :V»andon 
.; :r.-\ :■..: -v. - . .^ :::/.;':: ^-^T-eater quantity oi >e\vai:t can 

•:- !y :■•::- r-vi '■;. .::-::-:^utinir it beneath the >i:r- 

:■: :... ::\-. r.^ a :';' *. en ;o:nts as in subsurface 

T'-.c .;:•:•"-. :.i:::: :n this manner beiriiT niorc 
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favorable to the admission of air throug'h the comparatively 
impervious surface, especially after continued use. 

In one of the experiments at Lawrence the capacity of 
the soil to purify sewag'e was increased threefold in this 
manner. 

The averag'e results of purification, at Lawrence, by 
various soils for periods of from three to eig*ht months, 
mostly in the second year of filtration, are given in the fol- 
lowing- Table: 



Character of Soil. 



a. 

V 

e V 
o k- 
— u 

O 



Coarse mortar sand 

• t it 1 1 

I i t > t ( 

Coarse and fine sand and fine gravel. . 

Fine white sand 

River silt, mostly fine sand 

3 feet 8 inches sand and gravel ) 

lo inches yellow sandy loam -.• 

6 • ' Brown soil j 



117,000 
60.000 
55.400 
42,600 
28,700 

13.400 
8,880 



it * 

o a; £ 
e = = 

^£ a 

X ° - « 
— 80 e •£ 

- 2 ** ® 

ft) -• a^ *• 

i;< o o 



1.4 
0.4 

2.5 

0.5 
0.4 

0.6 
0.4 



O Q •< 

^ t) e 

C V s 

«■£ 3 
-c „ = 
".= o 

ac.2 « cj 

0) U IK $ 

o rt « w 
0. 



3. 
0.02 

o. 19 

0.08 

0.003 

0.002 

O.OOI 



The several amounts per acre of sewag'e set opposite the 
different soils are the amounts thev were found bv experi- 
ment to be capable of purifying" indefinitely. 

The Table exhibits in a g'eneral way the superiority of 
the more open soils as to purifying" large quantities of sew- 
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age and of the compact and more finely divided soils iii 
removing living organisms. 

Self Purification of the Soil. — Tank No. ]. in tho esperi- 
meats previously quoted, beinjj constantly in use for oeirly 
two years without any renewal of material or removal of 
sediment from the surface nitrified much more completely 
during the latter six months of the second year than dtiriQ^ 
. the corresponding months of the first year. The average 
percentage the nitrogen of the nitrale-s in the efDuent i* of 
the total nitrogen in the sewage being for ISSs, 44 percent 
and for 1HS\), 65 per cent. It thus appear* that the efTective- 
nea» of the filter considerably increased. The quantity 
of sewage ajtplied in each period varied but four per cent. ' 

The facts previously cited as to the behavior of tank Sn. ] 
1 upon the resumption of intermittent tiltration after » ' 
period of continuous filtration indicate that impurities stored i 
in the soil when the eunditions are unfavorable for purtfia- - i 
tion are, an soon as the proper conditions obtain, rapiiUy i 
removed in the form of nitrates, and this without ;iny i>erI.Kl 
of rest. 

This fact is of particular interest as effecting the dis- 
posal of sewage by tiltration in winter. During short periods 
of severe winter weather the surface of filtering areas 
can be easily kept free from ice by the continuous applica- 
tiim of sewage, which may be followed, as the weather 
moderates, by intermittent applications. The soil, storing 
in an inoffensive form, during the continuous filtration such 
impurities as cannot be oxidized, and subsequently when the 
conditions for intermittent tiltration are favorable these 
stored impurities are oxidized and removed in addition to the 
oxidation of the sewage applied from day to day. 

K.\pcrimonts with intermittent filtration through grarel 
stones as large as beans, from which all particles of soil 
and sand have been washed out, bare shown that whea 
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SL-wagt is applied at the rate of 12t(,B()f) gullons per acre per 
iJay for a period of three months 1*8.5 per cent, of the organic 
matter was removed and the stones were as clean as at the 
beginning-. 

Practically then, it may be said that the soil can purify 
■^L■wage for an indefinite time. 

It is said that sewage has been applied to the Craigen- 
tinoy meadows, near Edinburgh for the last 200 years. 



Quantity and Concentration of Sewage. — From the 
Wve Table and the conditions essential to purification it 
ems fair to infer that the capacity of a soil filter to remove 
Bcertain amount of organic matter from sewage depends 
I the degree of dilution. For instance, If the organic 
\Btes from each person be mixed with 2rt gallons of water 
: organic matter In the sewage will be more readily 
moved than if mixed with 100 gallons. The degree of 
btion for German, English and American cities, as indi- 
ted by the statistics of water consumption, is about 26, 35 
1 100 gallons respectively. Excessive dilution must seri- 
lly interfere with the aeration of the filter upon which in 
large measure depends its activity. 

In like manner the dilution of sewage by storm water is 
krious objection in filtration over limited areas where the 
Sication should be regular and substantially uniform in 
fltity. 

The experiments at Lawrence have demonstrated 
lit:— 
"The preparation required to render lilteriog areas effective appears to be 
tstroduclioD by tbe sewage of tbe particular organistns fitted to aid.in tbis 
I, aod ibeir accumulalioo wilh a proper food supply, and otber favorable 
la liy which ihey become Id time adapted to accomplish the mosl com- 
b paiiGcnlioD with the quantity of sewage received. Any change in quan- 
IT mode ot application may disorganize this working colony and prevent 
ft remits, until there is time tor a re^adjustmenl adapted to the new con- 
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Influence of Area. — In the purification of sewage by 
intermittent filtration the object sougfbt is ordinarily the 
application of the sewag'e to limited areas in the immediate 
vicinity of urban districts, where the value of land practi- 
cally prohibits its application over areas sufficiently broad to 
favor its utilization in ag^riculture. In broad irrigation and 
utilization of the sewage, the areas available and the com- 
paratively small quantity of the effluent make the process 
one much less likely to be disturbed by lack of proper man- 
agement. 

Experiments made at Paris upon the action of growing 
plants upon sewage during irrigation by M. Marie'-Davy 
gave the following results: Out of a supply of 5,000 to 6,000 
cubic meters (tons) per hectare (2.5 acres) per month, only 
one-thirtieth of the water supplied reached the subterranean 
drains. Vegetation consequently acts as a fK>werful upward 
drainage. The plants absorb the useful elements of the 
sewage and yield to the atmosphere, by evaporation, nearly 
the whole of the liquid which has served to convey tbem. 
Thus purification and agriculture utilization perfect each 
other. 

It is said that at Dantzig during the hardest frost the 
se\vag"e sinks beneath the surface coating of ice and snow 
and filters through the soil without causing any injurv to the 
plants or trouble t(^ the contractor. 

Sewage Disposal at Pullman. — The sewage disi>osal 
works at Pullman otTer a good opportunity for observing 
the success which may attend intermittent downward filtra- 
tion in northern latitudes under somewhat unfavorable con- 
ditions. 

The writer made a somewhat thorough examination of 
these disi)osal works during the winter of 18t)0-lU and also 
chemical analyses of the crude and purified sewage with 
especial reference to determining the feasibility of disposing 
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of sewage by intermittent downward filtration in winter in 
this climate.* 

Pullman is sewered by the Separate System. The pop- 
ulation is about 11,0(K), the sewage from dwellings avemges 
from l:in to 130 gallons a day per capita. The average 
number of gallons of sewage pumped per day in ISl'O was 
l.800,t)00. The balance of the sewage being the discharge 
from factories and possibly some ground water. 

The sewage is pumped from the collecting well through 
a twenty-inch cast-iron pipe to a sewage farm about three 
miles south of the city. At the farm end of this pipe the 
■iewage goes into a receiving tank made of boiler iron which 
i^ set a few feet above the surface of the ground. Through 
the center of this tank there is a screen in an oblique posi- 
tion through the meshes of which substances more than half 
an inch in diameter cannot pass. The sewage passes 
through this screen and thence into the distributing pipes. 

One hundred and forty acres of land have been thor- 
oughly piped and underdrained for the reception and purifi- 
cation of sewage. Hydrants are placed at suitable intervals 
so that the distribution can be conveniently effected. 

Besides the area devoted to broad irrigation there are 
fifteen filter beds having a total area of 9.f^ acres specially 
prepared for intermittent downward filtration, to which the 
sewage is applied during a considerable portion of the win- 
icr, and whenever it cannot conveniently be applied to the 
~iirface under broad irrigation. These filter beds are 
underdrained by drains I'Jyi feet apart which converge at a 
man-hole. 

The soil of the filter beds and of the entire farm is the 
rich alluvial prairie soil underlaid by a yellowish clay subsoil 
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and p<x)rly adapted for purifying- larg-e quantities of sew'ape, 
especially when the temperature is low. Nevertheless the 
results obtained here are very flattering*. 

I am informed that it is usual to apply the sewage of une 
day to about three of the beds, which are then allowed to 
rest for three davs at least. About half of the filter beds 
are cropped each year with quickly maturing' crops, such a? 
plants to be transplanted. While the crops are growing no 
sewage i.; applied. Plate XXIX is reproduced from a pho- 
tosifraph of the filter beds taken at the time the examination 
was made, March l!^th, 1891. The weather had been severe 
for about ten days previous and the temperature at 7 a. xl 
was 12° above zero. The beds are arrang-ed, on ground 
slightly inclined, at different levels. Sewag-e is admitted to 
any of the hig"h level beds at will through gate chambers, one 
of which i^ shown in the foreground. On the day previous 
iho hod at the rig-ht was flooded with sewage to the depth -»: 
about !'► inches. This had nearly all disappeared beneath 
tho surface, a tliin sheet of ice one-fourth to one-half inch 
thick had formed on the imjxninded sewa*Jfe, which, as the 
sewage sank ]>eneath the surface was broken into sm;ili 
fra^nuni^. There i^ no accumulation of ice which inter- 
i\re-- with the tiltration ot the sewajjfe. The temperature o! 
tlu- ^cwa^e when applieil t«» the i»eds, as taken in the carrier 
alter ''(.ini^- .-.MU^yed three miie< underirn>und at the soavn 
\\::rn ti^v •-;: '••-•j.rrace teniiKTature as shown bv observati<>r.> 

>^ .1.' ;:: ..: .i- .-wr^t, \\a^ M ' F. The temperature nf the 
,.:::.•, ;:: .;- i.vIn^:: :n ::u- :-::an-h..;r f» which the subsoil drain- 
V ". .^ -^ v...-;-^ 1'. 'Vr^ ".aten: heat iriven up hv the ^cw- 
'*-• ■• '■ ■- * ^ ■'• ;■ '^ ^^ u '\i: .:'\' .iu'.ck.y nic'ts the ice th.i: 

■ . ■ ■'- •• ....:= ; ■ -.: *.:. :. i^r Seds and the seuairc 
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There was no ofiTensive odor at the beds, with the excep- ^^| 
tion of that coming from a deposit of "sludge near the gate ^H 
chamber, and this did not extend for any great diHtance. I ^^H 
am informed that it is usual to keep this sludge spaded ^^H 
l.enealli the surface. The surfaces of the beds are occa- ^^H 
siiinally turned over with a plow to assist in keeping them ^^H 
from becoming sodden so as to exclude the air. ' ^H 

A sample of the crude sewage was taken at the end of -^H 
the carrier for analysis and also a sample of the purified ^^H 
ctBuent was taken from the man-hole to which the tile drains ^^H 
converg-e. The effluent was clear and sparkling and not ^^H 
unpleasant to t!ie taste. The Table below contains the ^^M 
results of an analysis of the samples collected as above ^H 






^m 


t™ 


■30 

6.40 

4.20 










Oxjgen requited lt> oxidiie organic mailer. . 
Chlorine 


The degree to which the purification ha 
(assuming that there has been no concenlratio 
of sewage from evaporation, subsoil water or t 
is indicated by the following Table: 

Albumtaoid Aminonia. , , . .93H 


LS proceeded ^H 
n or dilution ^H 
ther causes) ^H 

per cent ^^ 


Nilraiea 56 


^1 






^^^ Total Nitrogen in the Effluenl liji 


1^ 



] 



824 THE SEPARATE SVSTEII OF aBWHBAGE. 

Much more favorable restilto may be expected, cf 
cQorfle, during the warmer weather. The iatentkMi wu to 
ascertain the conditions at abont the moat. untaToralde a» 
son. . As previously stated the soil ia not adapted to parify 
largre quantities of sewage having too much finely divided 
organic matter in its upper layers which interferes with 
aSration and also too retentive a subnoiL 

Plate XXX is reproduced from a photograph of the am 
devoted to broad irrigation and crops. Sewage is applied to 
this area whenever the weather in spring and fall is favora- 
ble and it can be applied without interfering with the cropa 
In general, however, no sewage is applied to growing cropa 
The sewage is distributed to this area through a system of 
vitrified pipes having hydrants at convenient intervals from 
which the sewage is allowed to flow over the surface of the 
ground. Sewage is also applied to meadow lands adjcriniif 
this area in the spring. 

The principal crops raised upon the sewage farm are 
early potatoes, cabbages, beets, onions, celery, caulifiower^ 
parsnips and squashes. Mr. Campbell, the superintendent 
informs me that the gross receipts from the farm (140 acres) 
was about $ll^OOU last year. 

The experiments of the Massachusetts State Board of 
Health and the results obtained at Pullman under conditions 
more than usually unfavorable indicate that the disposal and 
purification of sewage on land in this climate is entirely 
practicable. 

The following diagrams have been a convenience to the 
author in making estimates and are added here with the 
hope that others may possibly find them so. 

They are compiled from computations but have been 
tested bv actual account of materials used in construction 
and found to agree well with average construction. 

The amounts of masonry and mortar givefXi include plas- 
tering for the exterior of the sewer. 
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